University of Kentucky

UKnowledge
Theses and Dissertations--Educational, School,
and Counseling Psychology

Educational, School, and Counseling
Psychology

2021

Framing Early Adolescents’ Self-Efficacy Development: Precursors
to the Sources of Math Self-Efficacy
Calah J. Ford
University of Kentucky, calah.ford@gmail.com
Author ORCID Identifier:

https://orcid.org/0000-0002-8220-831X

Digital Object Identifier: https://doi.org/10.13023/etd.2021.229

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Recommended Citation
Ford, Calah J., "Framing Early Adolescents’ Self-Efficacy Development: Precursors to the Sources of Math
Self-Efficacy" (2021). Theses and Dissertations--Educational, School, and Counseling Psychology. 100.
https://uknowledge.uky.edu/edp_etds/100

This Doctoral Dissertation is brought to you for free and open access by the Educational, School, and Counseling
Psychology at UKnowledge. It has been accepted for inclusion in Theses and Dissertations--Educational, School,
and Counseling Psychology by an authorized administrator of UKnowledge. For more information, please contact
UKnowledge@lsv.uky.edu.

STUDENT AGREEMENT:
I represent that my thesis or dissertation and abstract are my original work. Proper attribution
has been given to all outside sources. I understand that I am solely responsible for obtaining
any needed copyright permissions. I have obtained needed written permission statement(s)
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing
electronic distribution (if such use is not permitted by the fair use doctrine) which will be
submitted to UKnowledge as Additional File.
I hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and
royalty-free license to archive and make accessible my work in whole or in part in all forms of
media, now or hereafter known. I agree that the document mentioned above may be made
available immediately for worldwide access unless an embargo applies.
I retain all other ownership rights to the copyright of my work. I also retain the right to use in
future works (such as articles or books) all or part of my work. I understand that I am free to
register the copyright to my work.
REVIEW, APPROVAL AND ACCEPTANCE
The document mentioned above has been reviewed and accepted by the student’s advisor, on
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of
the program; we verify that this is the final, approved version of the student’s thesis including all
changes required by the advisory committee. The undersigned agree to abide by the statements
above.
Calah J. Ford, Student
Dr. Ellen L. Usher, Major Professor
Dr. Danelle Stevens-Watkins, Director of Graduate Studies

FRAMING EARLY ADOLESCENTS’ SELF-EFFICACY DEVELOPMENT:
PRECURSORS TO THE SOURCES OF MATH SELF-EFFICACY

DISSERTATION

A dissertation submitted in partial fulfillment of the
Requirements for the degree of Doctor of Philosophy
in the College of Education
at the University of Kentucky

By
Calah J. Ford
Lexington, Kentucky
Director: Dr. Ellen L. Usher, Professor of Educational Psychology
Lexington, Kentucky
2021

Copyright © Calah J. Ford 2021
https://orcid.org/0000-0002-8220-831X

ABSTRACT OF DISSERTATION

FRAMING EARLY ADOLESCENTS’ SELF-EFFICACY DEVELOPMENT:

PRECURSORS TO THE SOURCES OF MATH SELF-EFFICACY

Self-efficacy, the beliefs learners hold about what they can do, develops largely from
how learners perceive and interpret four main sources of information: mastery
experiences, vicarious experiences, social persuasions, and physiological states. Although
researchers have shown a relationship between these sources and math self-efficacy, less
is known about the factors that may influence how early adolescent learners perceive and
interpret information from these sources. The purpose of this dissertation was to
investigate two possible factors (i.e., perfectionism, performance-related factors) that
might predict how learners perceive efficacy-relevant information in the domain of math.
Study 1 used a correlational design to investigate whether perfectionism was associated
with how middle school students (N = 1,683) interpret information from the four
hypothesized sources of self-efficacy. Participants completed a paper-based survey at two
timepoints. Perfectionism was measured at Time 1. Self-efficacy and its sources were
measured at Time 2. Structural equation modeling techniques were used to examine the
relationship between factors. Students who held themselves to high standards (i.e.,
greater self-oriented perfectionism) reported higher levels of mastery experiences,
positive vicarious experiences, positive social messages, and self-efficacy. Conversely,
students who felt external pressure to be perfect (i.e., socially-prescribed perfectionism)
reported lower levels of mastery experiences, vicarious experiences, and self-efficacy, as
well as higher levels of negative physiological and affective states. The relationship
between perfectionism and self-efficacy was partially mediated by students’ perceptions
of mastery, suggesting that the relationship between perfectionism and math self-efficacy
is partially explained by how perfectionism is related to students’ perceived mastery.
Study 2 used a correlational design to investigate the relationship between performance
factors (e.g., number correct, effort, difficulty) and adolescent students’ (N = 286)
perceived mastery on a novel online math puzzle. Students completed two sets of three

puzzles. Each puzzle displayed four equations in which emojis were used instead of
traditional lettered notation (e.g., x, y, z) to represent unknown variables. Solutions were
provided for the first three equations. Students’ task was to determine the value of each
emoji and to use that information to solve the fourth equation. After each puzzle, students
rated how difficult the puzzle was and how much effort they put forth. After the first
puzzle set, students evaluated their perceived mastery on the task, task-specific math selfefficacy, and intrinsic motivation. They were also asked whether they wanted to reengage
in the task. Students then completed a second set of puzzles. Path analyses revealed that
when students perceived the task as difficult, they felt less successful. Conversely, when
students reported exerting a high level of effort on the task, they felt more successful.
Perceived mastery was directly and positively associated with task-specific math selfefficacy, intrinsic motivation, and performance on subsequent puzzles. Task-specific
math self-efficacy was positively associated with intrinsic motivation, but negatively
associated with subsequent performance. This dissertation extends the current literature
on the sources of math self-efficacy in early adolescence by showing the ways in which
perfectionism, task difficulty, and perceived effort are associated with how adolescent
learners perceive and interpret efficacy-relevant information.
KEYWORDS: Mastery Experience, Sources of Self-Efficacy, Development, Math,
Perfectionism
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Chapter 1: INTRODUCTION
Self-efficacy refers to learners’ perceived capability to complete a course of
action within specific domains, circumstances, and difficulty levels (Bandura, 1997). This
self-belief about ability is positively related to academic outcomes like persistence,
achievement, and engagement (e.g., Hoffman & Spatariu, 2008; Metallidou & Vlachou,
2007; Schunk & Pajares, 2002; Stevens et al., 2004, 2006; Usher, 2015). Self-efficacy
develops largely from how learners perceive and interpret four main sources of
information: mastery experiences, vicarious experiences, social persuasions, and
physiological or affective states (e.g., Ahn et al., 2017; Bandura, 1997; Butz & Usher,
2015; Joët et al., 2011). The relationship between these sources and math self-efficacy is
well-established.
However, little is known about what may influence how learners perceive and
interpret information from the four hypothesized sources of self-efficacy. For example,
when students feel successful (i.e., perceive a mastery experience), they are more
confident (e.g., Usher et al., 2018), but the reasons why a student may feel successful are
not well understood. In this dissertation, I investigate two possible precursors (i.e.,
perfectionism, performance-related factors) that may be related to learners’ perception
and interpretation of information from the four hypothesized sources of self-efficacy and
their math self-efficacy development.
Theoretical Framework
Social cognitive theory (Bandura, 1986) suggests that human functioning is the
result of reciprocal relationships between personal factors, environmental factors, and
behaviors. For example, the environment in which students complete a task may
1

influence their confidence in their ability to be successful. Self-efficacy, a powerful
personal factor, has a strong influence on a number of important behavioral and personal
factors like persistence, self-regulation, intrinsic motivation, and performance (e.g.,
Schunk & Pajares, 2002; Usher, 2015). Mastery experiences, vicarious experiences,
social persuasions, and physiological states have been found to predict math self-efficacy,
with mastery experiences being the strongest predictor (e.g., Ahn et al., 2017; Butz &
Usher, 2015; Joët et al., 2011).
Learners’ self-efficacy and the way it develops differs across contexts (e.g.,
reading, math). This dissertation focuses specifically on the development of self-efficacy
in the context of math. Performance indicators may be ambiguous in STEM-related fields
like math, so the way in which learners interpret efficacy-relevant information is unclear
(Estabrooks & Couch, 2018; Simpson & Maltese, 2017). However, Bandura (1997)
theorized several possible precursors to students’ perceptions of efficacy-relevant
information, two of which — predispositions, performance-related information — are the
focus of this dissertation.
Study 1: The “Perfect” Lens: Perfectionism and Early Adolescents’ Math SelfEfficacy Development
Students’ self-set or externally-encouraged perfectionistic standards may frame
how they interpret efficacy-relevant information (Hewitt et al., 2011; Stoeber & Damian,
2014). In Study 1 of this dissertation, I consider these two tenets of perfectionism (i.e.,
self-oriented perfectionism, socially-prescribed perfectionism) as possible predispositions
that may be related to students’ performance standards and, by extension, how they
evaluate their own performance, social cues from the environment, and their own feelings
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before, during, and after an academic task. For example, highly perfectionistic students
may disproportionately focus on negative or critical messages from others, given their
desire for flawlessness.
Data from students in Grades 6 - 8 (n = 1,683) were collected by Dr. Usher and
members of the P20 Motivation and Learning Lab as part of the “Motivation in
Transition” (MIT) longitudinal study from 2010 to 2013. The data used in the present
study come from two waves of the MIT dataset.
Students completed two paper-based surveys, one survey at each wave. In
February 2011, students answered questions regarding their perfectionism. In May 2011,
students responded to items about their math self-efficacy and its sources. Structural
equation modeling methods were used to consider whether the sources of self-efficacy
might mediate the relationship between perfectionism and self-efficacy (Bong et al.,
2014; Nounopoulos et al., 2006).
Study 2: Predictors and Outcomes of Early Adolescents’ Perceived Mastery After a
Math Task
Mastery experiences have been found to be the most consistent and reliable
predictors of self-efficacy (e.g., Ahn et al., 2017; Butz & Usher, 2015; Byars-Winston et
al., 2017; Joët et al., 2011). Therefore, I focus exclusively on students’ perceived mastery
in Study. Specifically, I investigate factors that may influence the way that early
adolescent learners perceive and interpret performance-related information. Bandura
(1997) suggested that individuals interpret situational cues and monitor their own effort
on a task when evaluating their performance. For instance, perceiving a task as difficult
or exerting high levels of effort may influence whether students view their own
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performance as a mastery experience, and, in turn, whether their self-efficacy will
increase.
The purpose of Study 2 is to examine the relationship between three performancerelated factors—perceived difficulty, perceived effort, and performance score—and
students’ perceived mastery on an algebraic math puzzle. The study also investigates a
broader theorized model by considering how students’ perceived performance influences
their self-efficacy, and how their self-efficacy, in turn, influences their intrinsic
motivation, decision to reengage in a similar task, and subsequent performance.
Data for this study were collected using fully-online surveys. Participants were
286 students in Grades 4 – 8. Students completed two sets of three novel math puzzles.
Each puzzle comprised four equations in which emojis were used to represent three
unknown variables. Solutions were provided for the first three equations. Students’ task
was to determine the value of each emoji and to use that information to solve the fourth
equation. Upon submitting their answers for each of the three puzzles, students rated their
perceptions of task difficulty and their own effort.
After receiving their score report, learners rated their perceived mastery, selfefficacy for completing similar tasks, and intrinsic motivation. Additionally, students
indicated whether they would like to reengage with a similar task. Students then
completed a second round of puzzles. Path analyses were used to investigate the
relationship between all variables.
Significance
This dissertation contributes to what is known about early adolescents’ selfefficacy development in math. Study 1 considers Bandura’s (1997) theory that
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predispositions (e.g., perfectionism) may influence the way that learners interpret
information from the four hypothesized sources of self-efficacy. This study also
investigates the possible relationship between perfectionism and self-efficacy which has
been previously reported in the literature (e.g., Bong et al., 2014; Seo, 2008; Stoeber et
al., 2008).
Study 2 builds on theory and literature in two ways. First, the study considers
whether perceived difficulty, perceived effort, and performance may influence students’
perceptions of mastery. Second, this study tests the relationship between performancerelated factors, perceived mastery, self-efficacy, intrinsic motivation, decision to
reengage, and performance in one comprehensive model.
Findings from this dissertation may also have implications for how teachers can
support the math self-efficacy development of their early adolescent students. Teachers
may be more equipped to foster students’ academic development when they better
understand the process through which students’ ability beliefs develop. For example,
teachers who recognize students as having perfectionistic tendencies might benefit from
understanding how those tendencies are associated with the way that their students
interpret efficacy-relevant information. Furthermore, the comprehensive model in Study
2 provides educators with an overview of self-efficacy development that concludes with
intrinsic motivation, reengagement, and performance outcomes. Teachers wanting to
improve their students’ intrinsic motivation, reengagement, and performance outcomes
might benefit from a better understanding of the precursors associated with those
outcomes.
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Chapter 2: THE “PERFECT” LENS: PERFECTIONISM AND EARLY
ADOLESCENTS’ MATH SELF-EFFICACY DEVELOPMENT
Learners who firmly believe in their ability to do well in math (i.e., those with
high self-efficacy) tend to perform better and are more intrinsically motivated and
academically engaged (e.g., Martin & Rimm-Kaufman, 2015; Özcan & Eren Gümüş,
2019). Self-efficacy is theorized to form largely from how learners interpret information
from four hypothesized sources of information (i.e., mastery experiences, vicarious
experiences, social persuasions, physiological states). Some researchers have also found
that certain learner characteristics like perfectionism are predictive of self-efficacy, as
well (Bong et al., 2014; Xie et al., 2018). However, the reason a learner characteristic like
perfectionism may influence self-efficacy is poorly understood. One possibility is that
perfectionistic tendencies may influence the way that students perceive efficacy-relevant
information.
Social Cognitive Theory
Social cognitive theory suggests that human functioning is the result of reciprocal
interactions between personal factors, environmental factors, and behaviors (Bandura,
1986). For example, perfectionism (i.e., the attitude or belief that only perfection is
acceptable; Hewitt et al., 2011) is a personal factor that may influence how one interprets
efficacy-relevant information from their environment. Subsequently, those interpretations
may influence learners’ self-efficacy (i.e., personal factor) which may influence their
academic performance (i.e., behavior).
Personal, environmental, and behavioral factors may influence the availability,
salience, and interpretation of efficacy-relevant information. For example, students’
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interpretation of a given performance level (e.g., a score of 8/10) might be influenced by
their perfectionistic tendencies. Similarly, students in a classroom with an encouraging
teacher may be exposed to more positive social messages or experience fewer negative
emotions.
Self-Efficacy
Self-efficacy is a strong predictor of human behavior (Bandura, 1997). Students
who are confident in their math abilities tend to persevere longer and perform better than
those with low self-efficacy (Hoffman & Spatariu, 2008; Metallidou & Vlachou, 2007;
Schunk & DiBenedetto, 2020; Stevens et al., 2004, 2006). Conversely, those with low
math self-efficacy are often reluctant to act, potentially creating the deficits they believe
they already have (Usher et al., 2018).
Math self-efficacy forms largely from how students perceive, interpret, and weigh
information from four main hypothesized sources (Bandura, 1997). Mastery experiences,
or students’ perceived successes, tend to be the strongest predictors of math self-efficacy
(Usher & Pajares, 2008). Students’ perceptions of those around them (i.e., vicarious
experiences) and the evaluative messages they receive from others (i.e., social
persuasions) also influence math self-efficacy development. Finally, how students
interpret and perceive their own physiological and affective states before, during, and
after math tasks informs their beliefs about their math ability.
Learners’ self-efficacy development is highly contextualized. Students’ beliefs
about their ability in one subject (e.g., reading) may differ from their beliefs about their
ability in a different subject (e.g., math; Bandura, 1997; Butz & Usher, 2015; Usher et al.,
2018). Similarly, students may differentially perceive and interpret efficacy-relevant
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information in different subjects (e.g., math, science, reading; Butz & Usher, 2015; Usher
et al., 2018). The present study focuses on the development of math self-efficacy.
Perfectionism
Although personal, environmental, and behavioral factors are reciprocally
deterministic, events within one class of determinants also exert a recursive influence
(Bandura, 1986). Within the class of personal factors, a predisposition to set
perfectionistic standards (i.e., perfectionism) may affect the information students pay
attention to (i.e., cognition; Hewitt et al., 2011; Usher & Pajares, 2009).
Perfectionism is considered to be a multifaceted trait characterized by the
tendency to strive for flawlessness and to set exceedingly high performance standards
(Stoeber & Damian, 2014). Generally, perfectionism is stable over time, but some
researchers have found that perfectionism is malleable through targeted interventions
(Fairweather-Schmidt & Wade, 2015; Vekas & Wade., 2017). Many researchers initially
presumed that perfectionism was associated with increased psychological distress.
However, examining the multifaceted nature of perfectionism has revealed that some
types of perfectionism are associated with positive outcomes (Accordino et al., 2000;
Gilman & Ashby, 2003).
Perfectionism, which is typically considered in a domain-general way, comprises
three facets, two of which are internally-focused (i.e., self-oriented perfectionism,
socially-prescribed perfectionism) and one of which is externally-focused (i.e., otheroriented perfectionism; Hewitt et al., 2011). Self-oriented perfectionism refers to people’s
tendency to hold themselves to exceptionally high standards. Socially-prescribed
perfectionism refers to students’ perception that others expect them to be perfect. Other-
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oriented perfectionism, refers to students’ tendency to hold others to exceptionally high
standards. Other-oriented perfectionism is not explored in the present study because
learners’ standards for others was not expected to directly influence students’
interpretation of efficacy-relevant information in any significant way.
Individual differences in perfectionistic tendencies tend to emerge in early
adolescence (Damian et al., 2017), and cognitive, physical, and social changes during this
life stage may influence how students view their abilities (Dweck & Yeager, 2019;
Schunk & Meece, 2006). This makes early adolescence an important context in which to
consider the relationship between perfectionism and self-efficacy development.
Therefore, the present study considers how the two internally-focused facets of
perfectionism may influence the way that learners perceive and interpret efficacy-relevant
information in early adolescence.
Perfectionism and Self-Efficacy
Many researchers have found a relationship between individuals’ predispositions
(e.g., perfectionism, personality types) and self-efficacy (e.g., Bong et al., 2014; Cupani
& Pautassi, 2013; Schaub & Tokar, 2005; Stornelli et al., 2009). Most studies examining
the relationship between perfectionism and self-efficacy have been with older students
(i.e., high school, undergraduate; Luo et al., 2016; Slaney, 2000; Stoeber et al., 2008; Xie
et al., 2018), but the few studies that have included early adolescent students have found
similar patterns. Self-oriented perfectionism has been shown to be positively associated
with the math self-efficacy and overall academic performance of adolescent students
(Bong et al., 2014; Nounopoulos et al., 2006). Socially-prescribed perfectionism, by

13

contrast, has been found to be positively associated with anxiety and negatively
associated with math self-efficacy (Bong et al., 2014; Stornelli et al., 2009).
Math Self-Efficacy Development
Learners’ perceptions of mastery experiences, vicarious experiences, social
persuasions, and physiological or affective states inform their self-efficacy (e.g., Ahn et
al., 2017; Butz & Usher, 2015; Byars-Winston et al., 2017; Joët et al., 2011). Typically,
mastery experiences, vicarious experiences, and encouraging social messages are
positively related to self-efficacy. Negative physiological and affective states are
inversely related to self-efficacy (e.g., Usher & Pajares, 2009).
Mastery experiences are consistently found to be significant predictors of
adolescents’ math self-efficacy (e.g., Ahn et al., 2017; Butz & Usher, 2015; Joët et al.,
2011). The other three hypothesized sources (i.e., vicarious experiences, social
persuasions, physiological/affective states) less consistently predict self-efficacy (Usher
& Pajares, 2008). In some studies, all four sources independently predict math selfefficacy (e.g., Usher & Pajares, 2009). In other studies, just a subset of sources is
predictive (e.g., Joët et al., 2011; Phan, 2012). These variations in findings may be related
to differences in measurement or sample demographics (e.g., age, location; Usher &
Pajares, 2008).
Perfectionism and the Sources of Math Self-Efficacy
Some studies have also examined relationships between perfectionism and how
learners perceive efficacy-relevant information. For example, perfectionistic learners
often report higher levels of anxiety (i.e., negative physiological/affective states) and are
more critical of their performances (i.e., fewer experiences of perceived mastery), which
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may lead to lower self-efficacy (Bong et al., 2014; DiBartolo & Varner, 2012; Stornelli et
al., 2009). However, little information is available considering the relationship between
perfectionism and each hypothesized source of self-efficacy in one comprehensive
model.
The relationship between perfectionism and the perception of efficacy-relevant
information likely varies by the type of perfectionism being considered (i.e., selforiented, socially-prescribed). For example, students high in self-oriented perfectionism
tend to perform better (Bong et al., 2014; Stornelli et al., 2009). These higher levels of
performance might result in a greater sense of one’s own mastery, more favorable
vicarious experiences, and more positive and encouraging social messages, but these
relationships have not yet been empirically tested.
Socially-prescribed perfectionism has been associated with harsher selfevaluations and higher levels of anxiety and negative affect (DiBartolo & Varner, 2012;
Stornelli et al., 2009).). Students who evaluate themselves more harshly might also be
less likely to perceive their own performances as successful and may report less favorable
social comparisons. Furthermore, students who believe they are not meeting the
exceptionally high standards that have been set for them may perceive fewer encouraging
messages from those around them. However, researchers have not investigated these two
relationships (i.e., socially-prescribed perfectionism predicting vicarious experiences and
social persuasions).
Purpose Statement and Research Questions
The purpose of this study is to investigate how self-oriented and sociallyprescribed perfectionism are related to early adolescent learners’ perceptions of efficacy-
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related information in math. The following research questions and hypotheses guided the
investigation.
R1: How are self-oriented and socially-prescribed perfectionism related to early
adolescents’ math self-efficacy?
H1: I expect to find self-oriented perfectionism to be associated with higher selfefficacy and socially-prescribed perfectionism to be associated with lower self-efficacy
(e.g., Stoeber et al., 2008). That is, I predict that students who hold themselves to high
standards will have higher math self-efficacy and that students who perceive greater
pressure to be perfect from those around them will have lower math self-efficacy.
R2: Is the relationship between perfectionism (i.e., self-oriented and sociallyprescribed) and math self-efficacy mediated by the four hypothesized sources of selfefficacy?
H2: I expect that the relationship between perfectionism and self-efficacy will be
partially mediated by one or more of the hypothesized sources of self-efficacy. I expect
that perfectionism will maintain a direct relationship with self-efficacy even when
accounting for indirect relationships through the sources of self-efficacy. For example,
students who are highly perfectionistic may hold themselves, or be held by others, to such
high standards that few experiences would meet those standards, leading to fewer
perceived mastery experiences and, in turn, lower self-efficacy. A full list of
hypothesized relationships between the two types of perfectionism and the four sources
of self-efficacy can be found in Table 1.1. Hypothesized path models for Research
Questions 1 and 2 can be found in Figures 1.1 and 1.2.
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Method
Design, Participants, and Procedures
Data for this correlational study were part of a larger longitudinal project focused
on motivation during students’ transition into middle school. Participants in this study
were 1,683 middle school students (Grades 6-8) from four public middle schools (49.4%
girls) in an urban school district in the southeastern U.S. Students self-identified as White
(53.1%), Black (30.7%), Hispanic (9.5%), Asian (2.6%), or “Other” race (4.1%). After
obtaining parental consent and student assent, researchers collected data in students’ math
classes (n = 35) in February (T1) and May (T2) of one school year.
Measures
The 22-item Child-Adolescent Perfectionism Scale (CAPS; Flett et al., 2016) was
used to measure perfectionism at T1. The CAPS consists of two subscales. The 12-item
self-oriented perfectionism subscale (α = .85) asked students if they held high selfexpectations (e.g., “When I do something, it has to be perfect.”). The 10-item sociallyprescribed perfectionism subscale (α = .87) asked if students felt pressure from others to
be perfect (e.g., “People around me expect me to be great at everything.”). Students
responded using a Likert-type response format from 1 (definitely false) to 6 (definitely
true). Notably, empirical and theoretical evidence from scale reliability analyses
suggested that three reverse-coded perfectionism items be removed from analyses (i.e.,
items were not correlated with other items in the scale, corrected item-total correlations
were below .3, removing the items increased the scale’s Cronbach’s α).
The sources of self-efficacy and self-efficacy were assessed at T2. The 25-item
Sources of Math Self-Efficacy scale (Usher & Pajares, 2009) measured students’ self-
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reported mastery experiences (e.g., “I got good grades in math on my last report card.”; 6
items; α = .82), vicarious experiences (e.g., “Seeing adults do well in math helps me do
better in math.”; 7 items; α = .84), social persuasions (e.g., “People have told me that I
have a talent for math.”; 6 items; α = .89), and physiological or affective states (e.g., “I
start to feel stressed-out as soon as I begin my math work.”; 6 items; α = .88). Students
responded using a Likert-type response format from 1 (definitely false) to 6 (definitely
true).
A 4-item math self-efficacy scale (Usher & Pajares, 2009) asked students about
their confidence in math (e.g., “How confident are you that you can learn math?”; α =
.89). Students responded using a Likert-type response format from 1 (not at all confident)
to 6 (completely confident).
Students’ scores on a standardized math achievement test administered during the
fall (i.e., prior to the survey administration) were obtained from the school and used as a
control variable. The Measures of Academic Progress (MAP) test is a computer-adaptive
test administered three times a year (Northwest Evaluation Association, 2016). Scores on
the MAP test reflect the difficulty level at which the student is answering about 50% of
the questions correctly, and provide a standardized measure of students’ math
achievement and growth within and across grade levels.
Analyses
Two structural equation models were built in MPlus 8 (Muthén & Muthén, 19982017). Model 1 (Figure 1.1) considered only direct paths from the latent factors of selforiented and socially-prescribed perfectionism to math self-efficacy. Model 2 (Figure 1.2)
introduced mediation paths through the four hypothesized sources of self-efficacy. The
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four sources of self-efficacy were allowed to covary in the models, as were the two types
of perfectionism, due to their theorized relationships with one another. The first item
loading in each scale was constrained to 1.0 and variance was freely estimated for latent
variable scaling and identification in both models (Kline, 2015). I used recommended
cutoff values for indices of fit, including the comparative fit index (CFI > .90; Bentler,
1990), root mean square error of approximation (RMSEA ≤ .06; Hu & Bentler, 1999),
and standardized root mean square residual (SRMR ≤ .08; Hu & Bentler, 1998).
Self-efficacy development can vary according to students’ position within their
social and cultural environment, which might influence how they interpret efficacyrelevant information (Usher & Weidner, 2018). For example, cultural differences may
result in varying definitions of success and competence (Stephens et al., 2017). Similarly,
when learners perceive negative stereotypes about a group to which they belong, they
may internalize those stereotypes and judge themselves as less capable (Ellis et al., 2018;
Pennington et al., 2016; Wiederkehr et al., 2015). Therefore, demographic variables (i.e.,
gender, race), obtained from school records, were used as control variables in all analyses
due to possible gender and race differences in self-efficacy development (e.g., Huang,
2013; Joët et al., 2011; Kiran & Sungar, 2011; Webb-Williams, 2017). Prior performance
(i.e., MAP score) was also accounted for in analyses. Including these controls in the
analytical models mitigates the risk of misinterpreting variance in self-efficacy
development that is due to confounding factors associated with race, gender, or math
ability.
The sample size for this study is 1,683. Kline (2015) has suggested a sample size
of 20 participants per parameter in structural equation models, like those used in this
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study, but acknowledged that a minimum of 10 participants per estimated parameter in
the model is sufficient and may be more realistic. There are 180 free parameters in the
final model, resulting in a suggested sample size of 1,800 students. However, Kline
(2015) indicated that the cases:parameter ratio does not create doubtful statistical
precision until it falls below 5:1 (i.e., a suggested sample of at least 900 for the present
model).
Missing data analysis revealed that 188 students had not completed 11
perfectionism items due to a printing error in the survey. The 11 items were listed
together on one page of the survey that was not provided to some students. Two
additional students did not respond to 14 of the 25-item Sources of Self-Efficacy scale
items which also appeared on one page. Given that these missing data were due to survey
errors and not participants’ choices to skip items, data were still considered to be missing
at random (i.e., not due to an underlying psychological phenomenon).
Data were found to be missing at random using Little’s MCAR test (p = .87).
Therefore, full information maximum likelihood techniques were used for both structural
equation models (Enders & Bandalos, 2001). Listwise deletion was employed for
descriptive statistics and scale reliability analyses.
Composite means were created for each scale. Means, standard deviations, and
bivariate correlations are provided in Table 1.2.
Intraclass coefficients (ICC) ranged from .36 to .68 for the study variables,
indicating a need to account for class-level variance. I therefore used the “type =
complex” function in all MPlus models, which adjusts standard errors for nonindependence of observations (Muthén & Muthén, 1998-2017). The “type = complex”

20

approach was selected over hierarchical linear modeling (HLM) techniques given that the
research questions in this study are not related to predictors of cluster level (i.e., students
nested within math classes) variance (Stapleton et al., 2016).
Results
Model Identification and Fit
Data met all assumptions associated with structural equation modeling (i.e.,
linearity, no significant interactions not accounted for in the model, normally distributed
data, no covariance among disturbance terms; Streiner, 2005). Fit indices for the direct
model, χ2 (293) = 2,223.01, p < .001, CFI = 0.87, RMSEA = 0.060, RMSEA 90% CI
[.058, .062], SRMR = 0.063, and the mediation model, χ2 (1188) = 5967.83 p < .001, CFI
= 0.88, RMSEA = 0.047, RMSEA 90% CI: (.046, .048), SRMR = 0.063, indicated that
the models were tenable (West, 2012). Bootstrapping techniques (n = 5,000) were used to
determine 95% confidence intervals for the models. All reported results are standardized.
Research Question 1: Perfectionism Predicting Self-Efficacy
Research Question 1 (i.e., How are self-oriented and socially-prescribed
perfectionism related to early adolescents’ math self-efficacy?) was answered using a
model with only direct paths. Self-oriented perfectionism positively predicted math selfefficacy (β = 0.30; CI [0.19, 0.37]), and socially-prescribed perfectionism negatively
predicted math self-efficacy (β = -0.19, CI [-0.28, -0.11]; see Figure 1.3). This direct path
model explained 12.6% of the variance in students’ math self-efficacy.
Research Question 2: Mediation Paths Through the Sources of Self-Efficacy
Mediation paths were next introduced into the model to answer Research
Question 2 (i.e., Is the relationship between perfectionism and math self-efficacy
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mediated by the four sources of self-efficacy?). As shown in Figure 1.4, self-oriented
perfectionism was positively related to mastery experiences (β = 0.31, CI [0.19, 0.40]),
vicarious experiences (β = 0.41, CI [0.30, 0.50]), and social persuasions (β = 0.28, CI
[0.18, 0.35]). The path from self-oriented perfectionism to physiological/affective states
was nonsignificant (β = -0.04, CI [-0.14, 0.09]).
Paths from socially-prescribed perfectionism to mastery experiences (β = -0.14,
CI [-0.19, -0.03]) and vicarious experiences (β = -0.18, CI [-0.28, -0.8]) were negative,
and the path to physiological/affective states was positive (β = 0.22, CI [0.13, 0.29]).
However, the path from socially-prescribed perfectionism to social persuasions was
nonsignificant (β = -0.05, CI [-0.12, 0.04]).
Mastery experience was the only hypothesized source significantly related to
math self-efficacy (β = 1.06, CI [0.88, 1.31]). All other sources (i.e., vicarious
experience, social persuasion, physiological/affective state) were not significantly related
to self-efficacy.
When the four sources of self-efficacy were included in the model, the direct path
from self-oriented perfectionism to self-efficacy became nonsignificant (β = 0.01, CI [0.03, 0.06,]), suggesting a full mediation. The direct path between socially-oriented
perfectionism and self-efficacy reduced in magnitude, but remained negative and
significant (β = -0.06, CI [-0.11, -0.01]), suggesting a partial mediation.
Only the indirect mediation paths from perfectionism to self-efficacy through
mastery experiences were statistically significant (Figure 1.5). Students high in selforiented perfectionism reported more mastery experience, which was associated with
higher levels of self-efficacy (β = 0.33, CI [0.20, 0.46]). Students high in socially-
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prescribed perfectionism reported fewer mastery experiences, which was associated with
lower levels of self-efficacy (β = -0.14, CI [-0.26,
-0.03]). Indirect paths through vicarious experiences, social persuasions, and
physiological/affective states were nonsignificant.
Discussion
The present study expands on previous literature by considering the relationship
between perfectionism, the four hypothesized sources of self-efficacy, and math selfefficacy for early adolescent students. Prior studies have established a relationship
between perfectionism and self-efficacy (Bong et al., 2014; Xie et al., 2018) and between
the four hypothesized sources and self-efficacy (Ahn et al., 2017; Butz & Usher, 2015;
Byars-Winston et al., 2017; Joët et al., 2011). However, none have explicitly considered
how students’ perceptions of information from the four hypothesized sources of selfefficacy might mediate the relationship between perfectionism and self-efficacy.
Furthermore, this study contributes to the literature by examining the relationship
between perfectionism and math-specific self-efficacy among adolescent learners.
Perfectionism and Self-Efficacy
My first research aim was to examine whether perfectionism is related to middle
school students’ math self-efficacy, as has been reported elsewhere (Bong et al., 2014;
Cupani & Pautassi, 2013; Schaub & Tokar, 2005; Stornelli et al., 2009. Self-oriented
perfectionism was positively related to self-efficacy, indicating that early adolescent
students who hold themselves to higher standards tend to have higher math self-efficacy.
On the other hand, socially-prescribed perfectionism was negatively related to students’
math self-efficacy. When early adolescent students perceive pressure to be perfect from
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others, they also report lower self-efficacy for math. These patterns are aligned with
findings from previous studies (e.g., Bong et al., 2014; Stoeber et al., 2008; Xie et al.,
2018).
Because perfectionism is related to math self-efficacy, we can consider
perfectionism-related interventions as a possible means to influence learners’ math selfefficacy development. For example, students’ perfectionism can be altered by the goal
orientation (i.e., mastery or performance focused) and flexibility of adults in authority
(i.e., teachers, parents) as well as through targeted interventions (Damian et al., 2017;
Fairweather-Schmidt & Wade, 2015; McArdle & Duda, 2004; Vekas & Wade., 2017).
Teachers and parents should therefore be cautious when communicating expectations to
children, ideally guiding students to set their own high standards and allowing room for
learners to fail.
Perfectionism and the Sources of Self-Efficacy
The results associated with Research Question 2 expanded on what is currently
known about the role that perfectionism may play in the development of math selfefficacy for early adolescent students. Specifically, I explored how the predisposition of
perfectionism may be related to the way that learners perceive and interpret information
from the four main sources of self-efficacy.
Self-oriented perfectionism was related to three of the four hypothesized sources.
The positive relationship between self-oriented perfectionism and mastery experiences
was unexpected. I had predicted an inverse relationship, expecting that the exceedingly
high standards of students high in self-oriented perfectionism would render even good
performances as inadequate (i.e., harsher self-evaluations; DiBartolo & Varner, 2012).
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However, my findings are counter to that hypothesis, suggesting that students who set
high standards for themselves also report feeling more successful. Students high in selforiented perfectionism looked towards others as models (i.e., vicarious experiences) and
reported positive ability-related messages from those around them. However, selforiented perfectionism was not associated with increased negative affect for this sample,
contrary to prior work (Stornelli et al., 2009). Generally, findings associated with selforiented perfectionism suggest that when students hold themselves to higher standards,
they also report more positive perceptions of efficacy-relevant information.
Socially-prescribed perfectionism was also related to three of the four
hypothesized sources of self-efficacy. Students who felt pressure to be perfect reported
fewer mastery experiences, which supports previous findings that students high in
socially-prescribed perfectionism evaluate themselves harshly (DiBartolo & Varner,
2012). The negative relationship between socially-prescribed perfectionism and vicarious
experiences suggested that when students feel pressure to be perfect, they pay less
attention to the social models in their environment, thus limiting students’ opportunities
to learn from peers and teachers. Surprisingly, feeling external pressure to be perfect was
not associated with students’ perceptions of social messages. This was contrary to
previous work which suggested a negative relationship between socially-prescribed
perfectionism and positive social messages.
More research is required to better understand this nonsignificant finding between
socially-prescribed perfectionism and positive social messages. However, one possible
reason for this unexpected finding is that students were considering different social
sources. Some items explicitly indicated the source of the social pressure or message
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(e.g., teacher, coach, classmate), but the social source in most items was less clear (e.g.,
“I am always expected to do better than others.”). Because of this, students may have
considered different sets of people (e.g., teachers, parents) for the two different scales
(i.e., socially-prescribed perfectionism, social persuasions). Researchers might adapt the
scales used in this study (i.e., more explicitly define social sources), and consider the
differential influence of social pressure and/or messages from varied social sources on
perfectionism and the development of math self-efficacy.
Finally, the relationship between socially-prescribed perfectionism and negative
physiological/affective states suggested that students who feel social pressure to be
perfect also report higher levels of stress and nervousness, which has been previously
reported (DiBartolo & Varner, 2012; Stornelli et al., 2009).
Overall, findings support the notion that perfectionistic tendencies are related to
the way that students perceive and interpret efficacy-relevant information. Furthermore,
self-oriented perfectionism appears to be relatively adaptive, garnering positive
relationships with most hypothesized sources of self-efficacy. Conversely, students who
perceive high, externally-set expectations as pressure to be perfect may react in
maladaptive ways. When students feel pressure to be perfect, they also report lower
levels of mastery experiences, fewer vicarious learning experiences, and higher levels of
negative affect. Students high in socially-prescribed perfectionism also report having less
confidence in their math ability.
The Sources of Self-Efficacy as Mediators
Findings from this study support the idea that the relationship between
perfectionism and self-efficacy is at least partially explained by mediation paths through
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the four hypothesized sources of self-efficacy. Specifically, the significant indirect paths
through mastery experiences suggested that perfectionistic tendencies influence the way
that students interpret their direct experiences of mastery or failure, and in turn, their selfefficacy.
However, the indirect paths through vicarious experiences, social persuasions, and
physiological/affective states were all nonsignificant, suggesting that, for this sample,
students’ perfectionism was not related to self-efficacy through changing the way
learners perceive and interpret information from those three sources. This was surprising
given the significant relationships between perfectionism and vicarious experiences,
social persuasions, and physiological states.
Learners high in socially-prescribed perfectionism tend to be more self-critical
and less-confident in their abilities. This negative relationship between sociallyprescribed perfectionism, mastery experiences, and math self-efficacy has important
implications for practitioners because students’ socially-prescribed perfectionism is
influenced by teacher behaviors (Damian et al., 2017; McArdle & Duda, 2004). Teachers
might be cognizant of the way that their expectations are being interpreted and
internalized by early adolescent learners so as to not unintentionally indicate to students
that only perfection is acceptable. Focusing on learning and growth, as opposed to
performance, and being flexible and understanding with standards and expectations are
two approaches that have been found to reduce students’ socially-prescribed
perfectionism (Damian et al., 2017; Fairweather-Schmidt & Wade, 2015; McArdle &
Duda, 2004; Vekas & Wade, 2017). Teachers might improve students’ self-efficacy by
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highlighting successes and drawing attention to the positive aspects of learners’
performances.
Limitations and Future Directions
Perfectionistic beliefs may be domain specific, contrary to the way they have
typically been measured (e.g., Flett et al., 2016). For example, students’ perfectionistic
beliefs and tendencies may differ between math and reading. However, I measured
perfectionism in a domain-general way, which was aligned with prior work. Therefore,
what students may have been considering when answering the perfectionism items for
this study is unclear, particularly given that other items on the survey were related to
math. Researchers might address this ambiguity by measuring perfectionism within a
specific domain when examining its relationship with domain-specific self-efficacy (e.g.,
math self-efficacy) to ensure that the measures of perfectionism and self-efficacy are
correspondent.
This study employs a correlational design. Therefore, the direction of causality
cannot be assessed. For example, students high in self-oriented perfectionism measured at
T1 reported higher levels of perceived mastery measured at T2. Does this mean that
students who hold themselves to exceptionally high standards rise to the occasion and
perform better, or do students who have always done exceptionally well come to expect
themselves to always do exceptionally well? Answering these directional questions was
outside of the scope of this study but is advisable as a future investigation.
Conclusion
This study takes an initial step toward considering how a predisposition like
perfectionism might be related to how adolescent learners perceive and weigh
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information from the four sources of self-efficacy in math. Holding students to high
standards can often provide them with the motivation to achieve more, but those high
expectations could be internalized by some children, which may result in fewer perceived
mastery experiences and lower self-efficacy. Conversely, when early adolescents hold
themselves to high standards that they have set for themselves, they report more mastery
experiences and, in turn, higher self-efficacy.
Little research was previously available regarding the relationships between
predispositions and efficacy-relevant information. This study takes a first step toward
better understanding how predispositions like perfectionism may be related to selfefficacy development by affecting the way learners process information from the four
hypothesized sources of self-efficacy.
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Table 1.1
Hypothesized Relationships Between Perfectionism and the Sources of Self-Efficacy
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Sources
Mastery
Experiences

Self-Oriented Perfectionism (SOP)
Negatively associated.

Although students higher in SOP often perform better (Bong et al.,
2014; Stornelli et al., 2009), students with perfectionistic tendencies
likely expect higher performance levels as a minimum satisfactory
score, meaning fewer experiences will be perceived as ones of
mastery.

Students high in SPP have reported harsher self-evaluations
(DiBartolo & Varner, 2012), which would result in lower perceived
mastery.

Vicarious
Experiences

Positively associated.

Negatively associated.

Social
Persuasions

Positively associated.

Negatively associated.

Students high in SOP often perform better (Bong et al., 2014;
Stornelli et al., 2009), which may result in more favorable social
comparisons.
Students high in SOP often perform better (Bong et al., 2014;
Stornelli et al., 2009), and when students perform better, they likely
receive more positive social messages regarding that performance.

Negative
Positively associated.
Physiological SOP has been found to be related to negative affect (Stornelli et al.,
and Affective 2009).
States

Socially-Prescribed Perfectionism (SPP)
Negatively associated.

Students’ harsher self-evaluations (DiBartolo & Varner, 2012) may
result in less favorable social comparisons.

If students feel they are expected to meet the highest of standards,
they may also feel that they often fail to meet those unrealistic
standards, and then perceive disapproving social messages (Damian
et al., 2017).

Positively associated.

Students who are high in SPP have reported higher levels of anxiety
and general negative affect (DiBartolo & Varner, 2012; Stornelli et
al., 2009).

Table 1.2
Means, Standard Deviations, and Correlations for Study Variables

Self-Oriented Perfectionism (SOP)

3.69

Std.
Dev.
1.11

Socially-Prescribed Perfectionism (SPP)

3.63

1.25

.56**

.87

Mastery Experiences (ME)

4.41

1.12

.14**

.00

.82

Vicarious Experiences (VE)

4.25

1.16

.25**

.07**

.62**

.84

Social Persuasions (SP)

4.24

1.34

.20**

.10**

.75**

.71**

Physiological and Affective States (PHYS)

2.92

1.44

.11**

.20** -.50** -.21** -.30**

Math Self-Efficacy (MSE)

4.84

1.17

.13**

-.02

Scale

Mean

SOP

SPP

ME

VE

SP

PHYS

MSE

.85
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Note. Cronbach’s alphas for each scale are displayed on the diagonal.
*p < .05. **p < .01. ***p < .001.
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.80**

.61**

.89
.88

.70** -.43**

.89

Figure 1.1
Hypothesized Path Model for Research Question 1

40
Note. Green paths represent paths that are predicted to be positive. Red paths represent paths that are predicted to be negative.
40

Figure 1.2
Hypothesized Path Model for Research Question 2

41
Note. Green paths represent paths that are predicted to be positive. Red paths represent paths that are predicted to be negative.
41

Figure 1.3
Full Structural Equation Model for the Prediction of Self-Efficacy by Perfectionism

42
Note. χ2 (293) = 2,223.01, p < .001, CFI = 0.87, RMSEA = 0.060, RMSEA 90% CI: (.058, .062), SRMR = 0.063, R2 = .13.
Significant paths are bolded and colored. Correlations between the two perfectionism scales were accounted for in the model,
but not shown here for visual clarity.
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Figure 1.4
Direct Effects in the Full Structural Equation Model with Mediation Paths
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Note. χ2 (1188) = 5967.83 p < .001, p < .001, CFI = 0.88, RMSEA = 0.047, RMSEA 90% CI: (.046, .048), SRMR = 0.063.
Mastery Experiences R2 = .18, p < .001. Vicarious Experience R2 = .13, p < .001. Social Persuasions R2 = .15, p < .001.
Physiological and Affective States R2 = .13, p < .001. Self-Efficacy R2 = .85, p < .001. Significant paths are bolded and
colored. Path coefficients shown are for direct paths only. See Appendix A for factor loadings. Correlations between the four
sources of self-efficacy as well as between the two perfectionism scales were accounted for in the model, but not shown here
for visual clarity.
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Figure 1.5
Indirect Effects in the Full Structural Equation Model with Mediation Paths
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Note. χ2 (1188) = 5967.83 p < .001, p < .001, CFI = 0.88, RMSEA = 0.047, RMSEA 90% CI: (.046, .048), SRMR = 0.063.
Mastery Experiences R2 = .18, p < .001. Vicarious Experience R2 = .13, p < .001. Social Persuasions R2 = .15, p < .001.
Physiological and Affective States R2 = .13, p < .001. Self-Efficacy R2 = .85, p < .001. Significant paths are bolded and
colored. Path coefficients shown are for indirect paths only. See Appendix A for factor loadings. Correlations between the four
sources of self-efficacy as well as between the two perfectionism scales were accounted for in the model, but not shown here
for visual clarity.
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Chapter 3: PREDICTORS AND OUTCOMES OF EARLY ADOLESCENTS’
PERCEIVED MASTERY AFTER A MATH TASK
Students’ judgments of their capability are typically informed by how well they
think they have previously performed on similar tasks (e.g., Ahn et al., 2017; Butz &
Usher, 2015; Joët et al., 2011). However, little is known about what may influence
learners’ perceptions of their performances. For example, some students feel a sense of
failure after earning a letter grade of B. Other students interpret that same grade as a
success (Usher & Pajares, 2008).
The present study is focused on how early adolescent learners determine their
level of success on a math task and how that perceived mastery is associated with taskspecific math self-efficacy. This study also considers the relationship between taskspecific math self-efficacy, intrinsic motivation, reengagement, and performance.
Social Cognitive Theory
According to social cognitive theory, human functioning can be explained by
bidirectional relationships between personal factors (e.g., self-efficacy, ability),
environmental factors (e.g., online classroom assignments, classmates), and behavioral
factors (e.g., performance, studying; Bandura, 1986). The combination of these factors
may influence the cognitive process through which learners evaluate their performances
as ones of success or failure. For example, the behavior of putting high levels of effort
into a task may inform students’ self-evaluations (Bandura, 1997).
Learners’ beliefs about their ability may differ by context and domain (Bandura,
1997). For example, students’ reading self-efficacy may differ from their math selfefficacy (e.g., Butz & Usher, 2015; Usher et al., 2018). Furthermore, learners may pay
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attention to different efficacy-relevant information when forming their ability beliefs
within a specific domain. The present study is focused specifically on how self-efficacy
develops in the domain of math.
The Sources of Self-Efficacy
Math self-efficacy is informed by how learners perceive and interpret information
from four main hypothesized sources (i.e., mastery experiences, vicarious experiences,
social persuasions, physiological/affective states; Bandura, 1997). Typically, mastery
experiences, vicarious experiences, and encouraging social messages are positively
related to self-efficacy. Conversely, negative physiological and affective states are
inversely related to self-efficacy (e.g., Usher & Pajares, 2009).
Perceived Mastery
According to Bandura (1997), “Mastery experiences are the most influential
source of self-efficacy information because they provide the most authentic evidence of
whether one can muster what it takes to succeed” (p. 90). However, the same
performance level may have differing effects on learners’ self-efficacy depending on how
that performance is interpreted and perceived (Bandura, 1997). Thus, perceived mastery
is characterized by how learners interpret and evaluate their performance (Bandura,
1997). Understanding how students evaluate their performance in areas like math can be
complex because problems often require trial and error (Estabrooks & Couch, 2018;
Simpson & Maltese, 2017).
Early algebra is a facet of math that is less studied in the self-efficacy
development literature. Historically, many educators believed that algebra was too
complex for early adolescent learners to understand, but more recent advancements in
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educational research have supported the notion that younger learners are capable of
algebraic thought and reasoning (Carraher et al., 2006; Kaput et al., 2017). Although
early algebra skills are being taught at younger ages, there remains a dearth of evidence
regarding the development of self-efficacy in the domain of algebra for early adolescent
students.
Antecedents of Perceived Mastery
Few researchers have investigated what information early adolescents consider
when assessing their performance in math. Bandura (1997) suggested that learners’
perceived performance level relies on multiple factors, such as “preconceptions of their
capabilities, the perceived difficulty of the tasks, the amount of effort they expend, the
amount of external aid they receive, the circumstances under which they perform, the
temporal pattern of their successes and failures,” and how these factors are interpreted
and remembered (p. 81). This study will focus specifically on how three antecedents (i.e.,
perceived difficulty, perceived effort expenditure, actual performance) influence learners’
perceived mastery after a math task. Researchers have not yet empirically investigated
the antecedents of perceived mastery, but some studies have considered the relationship
between certain antecedents (i.e., perceived difficulty, perceived effort expenditure) and
self-efficacy (e.g., Heyman & Compton, 2006; Muenks et al., 2018; Muenks & Miele,
2017; Patall et al., 2018). The relationships between these antecedents and self-efficacy,
described below, may also be applicable to how learners interpret their performances
levels, given the strong relationship between perceived mastery and self-efficacy.
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Perceived Difficulty
Although actual and perceived difficulty are often correlated, they are distinct
from one another. A difficult task requires “careful and highly conscious thinking”
(Flavell, 1979, p. 908). Perceived difficulty is characterized by learners’ experience of
obstacles, conflict, or a lack of fluency (Efklides, 2002, 2006; Lafortune & Pons, 2005).
For example, an easy problem (e.g., 2 + 3), may be perceived as highly difficult for an
early kindergarten student who has not mastered numeracy and is not fluent in basic
addition. Young learners tend to view difficulty as being inversely related to ability
(Heyman & Compton, 2006; Patall et al., 2018) such that when they find a task to be
difficult, they also tend to infer that they have low ability for doing that task.
Bandura (1997) suggested that students may also interpret high levels of
perceived difficulty to indicate a poor performance. Conversely, learners who perceive an
objectively difficult task as being easy may have a more favorable perception of their
performance compared to students who achieved a similar performance level, but
perceived the task to be difficult. However, the relationship between perceived difficulty,
perceived mastery, and self-efficacy has yet to be empirically tested with early
adolescents in math.
Perceived Effort Expenditure
In addition to perceived difficulty, learners also interpret how much effort they
put forth when doing a task. The relationship between perceived effort and self-efficacy
seems to depend on how students view effort. Many learners view effort as inversely
related to ability, in which case high levels of effort are indicative of a lack of ability
(Dweck, 1999; Nicholls, 1984). This inverse view of the relationship between effort and
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ability has been found to develop around Grades 4-5 (Folmer et al., 2008; Nicholls, 1978;
Nicholls & Miller, 1984). Other learners maintain a view that effort and ability are
positively related such that high effort ultimately leads to higher ability. These varying
beliefs about effort may lead learners to differentially regulate their effort (Blackwell et
al., 2007; Dweck & Master, 2009; Patall et al., 2018).
Some researchers have considered differences between having to exert effort (i.e.,
task-initiated effort) and choosing to exert effort (i.e., self-initiated effort). Learners tend
to associate task-initiated effort with low ability and self-initiated effort with high ability
(Muenks & Miele, 2017).
Although a relationship between perceived effort and ability beliefs has been
established (e.g., Blackwell et al., 2007; Dweck & Master, 2009; Muenks & Miele, 2017;
Muenks et al., 2018; Patall et al., 2018), less is known about how perceived effort may
influence the way learners interpret their performances, although this relationship is
likely similar. Students who invest little effort in a math task may perceive their
performance more favorably than students who invest high levels of effort but achieve
the same performance level (Bandura, 1997). However, the manner in which perceived
effort expenditure may influence perceived mastery has not yet been empirically tested.
Self-Efficacy Development in Adolescence
Students’ perception and interpretation of their performance levels has a strong
influence on self-efficacy development (e.g., Joët et al., 2011; Phan, 2012; Usher &
Pajares, 2009). Students’ feelings of success positively predict math self-efficacy even
when controlling for actual performance (e.g., Ahn et al., 2017; Usher et al., 2018).
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However, certain personal characteristics like age may influence the way that learners
interpret their performances.
Self-efficacy development during adolescence may be particularly important to
consider. Cognitive, physical, and social changes influence how young students view
their capabilities, making adolescence a “vulnerable age” for motivation and self-efficacy
development (Dweck & Yeager, 2019, p. 487). For instance, the transition to middle
school can be difficult because the “environment emphasizes competition, social
comparison, and ability self-assessment at a time of heightened self-focus” (Blackwell et
al., 2007, p. 246). Furthermore, self-efficacy tends to decrease as students age (Eccles et
al., 1998; Jacobs et al., 2002; Muenks et al., 2018; Schunk & Meece, 2006). Some
researchers have found that as students transition to middle school, they become less
confident, specifically in their ability to solve complex problems (Pendergast et al.,
2018).
Outcomes of Self-Efficacy
Having a strong sense of self-efficacy is positively associated with several
important outcomes. These outcomes may include intrinsic motivation, task
reengagement, and performance.
When learners judge themselves to be intrinsically motivated (i.e., engaged due to
an inherent interest or enjoyment; Ryan & Deci, 2020), they actively pursue tasks without
the need for an external reward (Bandura, 1997) and tend to perform better (Taylor et al.,
2014). Math self-efficacy is a strong predictor of intrinsic motivation for adolescent
students such that when students are more confident in their math abilities, they also
report higher levels of interest in math (Özcan & Eren Gümüş, 2019; Skaalvik et al.,
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2015; You et al., 2016). However, as with self-efficacy, intrinsic motivation tends to
decline as students transition from childhood to adolescence (Gottfried et al., 2007;
Spinath & Steinmayr, 2008).
Self-efficacy not only influences learners’ intrinsic motivation, but also their
desire to reengage with a task (Olivier et al., 2019). Adolescent students who are more
confident in their abilities (i.e., high self-efficacy) tend to be more engaged with math
content (Martin & Rimm-Kaufman, 2015) and continue to persist in activities (Madjar &
Chohat, 2017). Studies considering behavioral engagement (e.g., the act of reengaging)
tend to focus on the quantity of engagement over the quality of engagement (Fredricks et
al., 2004; Pekrun & Linnenbrink-Garcia, 2012).
Finally, math self-efficacy positively predicts math performance levels of
adolescent students (Olivier et al., 2019; Pajares & Graham, 1999). Furthermore, when
students are confident in their abilities, their performance scores increase at a faster rate
(Galla et al., 2014). However, the relationship between self-efficacy and performance is
thought to be reciprocal, such that both influence the other (Bandura, 1997; Williams &
Williams, 2010). The way that learners interpret their performances (i.e., perceived level
of mastery) may mediate the influence of actual performance on math self-efficacy.
Purpose Statement
The primary purpose of this study is to investigate the relationship between three
performance-related factors (i.e., perceived difficulty, perceived effort, actual
performance) and early adolescent learners’ perceived mastery on a math task. In
addition, I sought to examine the relationship between students’ perceived mastery and
their self-efficacy for completing similar math tasks, as well as the relationship between
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self-efficacy, intrinsic motivation, task reengagement, and performance. This study was
guided by five research questions (RQ) and hypotheses.
RQ1. What is the relationship between students’ perceptions of the difficulty of a
math task and their subsequent perceived mastery, controlling for how much effort
learners believe they put into the task and their actual task performance (i.e., number
correct)?
H1. For many students, perceived difficulty is an indicator of ability--perceiving a
task to be easy indicates high ability, but believing a task is difficult indicates low ability
(Bandura, 1997; Tornare et al., 2015). Students who perceive a task as difficult may
believe that the task reveals their inability, which could lead them to feel less successful.
For these reasons, I hypothesize that, given equal amounts of effort and equal
performance levels, students who find a math task to be more difficult will report lower
levels of perceived success.
RQ2. What is the relationship between students’ perceived effort on a math task
and their perceived mastery, controlling for how difficult they found the task to be and
their performance level on the task?
H2. I hypothesize that, given the same perceptions of the task’s difficulty and the
same level of performance on the task, the more effort students believe they put into a
task, the less successful they will feel (Bandura, 1997).
RQ3. What is the relationship between students’ actual level of performance on a
math task and their perception of mastery, controlling for perceived difficulty and
perceived effort?
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H3. I hypothesize that, given similar perceptions of task difficulty and amount of
effort spent, students with higher performance scores will report higher levels of
perceived mastery.
RQ4. What is the relationship between perceived mastery and learners’ selfefficacy after a math task?
H4. I hypothesize that students who feel more successful on a math task will
subsequently report higher self-efficacy for the task. This hypothesis is based on the
numerous studies reporting a positive relationship between perceived mastery and selfefficacy (e.g., Ahn et al., 2017; Usher et al., 2018; Usher & Pajares, 2009).
RQ5. What is the relationship between self-efficacy, intrinsic motivation, decision
to reengage in a similar task, and performance on a follow-up task?
H5. I hypothesize that self-efficacy will be positively related to intrinsic
motivation, decision to reengage in a similar task, and performance on a follow-up task.
Students who have higher self-efficacy are more likely to want to reengage with a task
and tend to perform better (e.g., Bandura, 1997; Grigg et al., 2018; Schunk &
DiBenedetto, 2020).
A hypothesized path model was developed and can be found in Figure 2.1. In this
model, the performance-related factors of perceived difficulty, perceived effort, and
actual performance are expected to predict perceived mastery. Perceived mastery is then
expected to predict task-specific math self-efficacy, which, in turn, is expected to predict
intrinsic motivation, task reengagement, and performance outcomes.
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Method
Study Design
This study includes data from an online math enrichment module, which I
designed to investigate the development of self-efficacy for completing a variety of early
algebraic and problem-solving tasks. The learning module invited adolescent participants
to complete a series of activities and survey items across six weeks. The data for this
study come from two of the algebraic activities, which will be described in full below.
This is a cross-sectional, correlational study design (see Figure 2.2). Student
assent and parental permission were obtained as part of registration for the module. The
first activity of the module included a puzzle task, measures of performance-related
factors (i.e., perceived difficulty, perceived effort expenditure, score), perceived mastery,
task-specific math self-efficacy, intrinsic motivation, and decision to reengage in a
similar task. Students then completed a second puzzle task.
Recruitment and Participants
Elementary and middle school teachers (n = 10) recruited via their principals and
Central Office administrative staff agreed to invite their 476 students to take part in the
math learning module as an ungraded class assignment. Teachers were from seven public
schools located in two counties in a Southeastern state. According to the USDA RuralUrban Continuum Codes (RUCC; USDA Economic Research Service, 2013), one county
was nonmetro (i.e., RUCC 6, urban population of 2,500 to 19,999, adjacent to a metro
area) and one was metro (i.e., RUCC 2, counties in metro areas of 250,000 to 1 million
population). Students were evenly distributed between the two counties with 51.7%
coming from the nonmetro county and 48.3% coming from the metro county.
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Early adolescent students (n = 286; 14.3% Grades 4-5, 75.7% Grades 7-8; Table
2.1) completed an initial activity and survey. A subset of these students completed a
second follow-up activity (n = 173). Boys and girls were comparably represented in the
sample (45.7% boy, 47.3% girl, 7.0% non-binary or prefer to not answer). Students selfidentified as White (85.3%), Black (0.6%), Hispanic (5.1%), Asian (1.4%), multi-racial
(1.8%), or other ethnicity (5.8%). The racial/ethnic distribution of participants was in
proportion to that of the areas where data were collected.
Math Learning Module
Students completed three early algebra puzzles at two time points (i.e., Emoji
Math Puzzles Part 1 and Part 2). Each puzzle displays four equations in which emojis
(small digital images) are used instead of traditional lettered notation (e.g., x, y, z) to
represent unknown variables (see Figure 2.3). Emojis were used in place of lettered
notation to heed the suggestion that formal notations be introduced gradually for early
adolescent learners (Kaput et al., 2017).
The first three equations in each puzzle have solutions provided. Students’ task is
to determine the value of each emoji and to use that information to solve the fourth
equation. The same set of rules is provided for each puzzle (i.e., all emojis represent a
whole number, no two emojis within one puzzle have the same value, two emojis in one
place equal twice the value of a single emoji).
The three puzzles are presented at increasing levels of difficulty based on the
complexity of operations. Level 1 puzzles are considered the easiest. They do not require
knowledge of the order of operations. Students can arrive at the correct answer by solving
the final equation from left to right. Level 1 puzzles include one multiplication operation;
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all other operations are based on addition. Level 2 puzzles include “double emojis” (i.e.,
two emojis in one place, requiring addition of the two values) and require students to
employ the order of operations. Level 3 puzzles are the most difficult because they
include three multiplication operations, require students to employ the order of
operations, and include double emojis. Despite their increasing difficulty, the puzzles do
not involve deception.
Procedures
Students completed the math module, which was designed for asynchronous
delivery through the Qualtrics online platform. Due to restrictions associated with
COVID-19, not all students completed the activities in a similar environment. Students
reported completing the module in their classrooms (45.7%) or their homes (10.3%); 44%
of students did not report where they completed the activities.
The module first introduced students to the emoji math puzzle rules and sample
puzzle solutions. Students were then prompted to complete three puzzles (Emoji Puzzles
Part 1). After each puzzle, students were asked to rate how difficult they thought the task
was and how much effort they expended. After completing the three puzzles and
receiving a score report, students were asked to rate their level of success on the emoji
puzzles, their self-efficacy for similar puzzles, their intrinsic motivation for completing
more puzzles, and their desire to complete an additional puzzle. All survey items required
a response before students could advance in the module, and students were not allowed to
return to previous module pages.
Students who had completed Emoji Puzzles Part 1 were cleared to complete
Emoji Puzzles Part 2, which presented them with three new puzzles to solve and
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additional self-report items, the latter of which were not analyzed in the current study.
The study was designed with the intention of a one-week delay between the two emoji
puzzle activities, which was explained to participating teachers. However, the
participation timing revealed that most students did not heed this suggested timing. Most
students (42.0%) completed the two-part emoji activities in one sitting with no time delay
between them. Other students (11.2%) completed the second activity within 1 to 3 days
of the first. Another group of students (7.3%) completed the second activity one to two
weeks after completing the first. The remaining students (39.5%) did not complete the
second task by study close (i.e., within two weeks of completing the first task).
Data Sources
Performance-Related Factors
Three performance-related factors were measured at Time 1. Perceived difficulty
(α = .85) was measured with a single item adapted from Watt (2004; “How was this
puzzle for you?”). Students were presented with a 4-point Likert-type response format
with options ranging from 1 (very easy) to 4 (very hard). Perceived effort expenditure (α
=.87) was measured with a single item (i.e., “How hard did you try on the puzzle you just
completed?”) adapted from the Intrinsic Motivation Inventory (McAuley et al., 1989).
Students responded to this item using a 4-point Likert-type response format from 1 (Not
at all) to 4 (Extremely). Perceived difficulty and perceived effort were assessed after each
of the three emoji puzzles in Part 1.
Students’ actual performance on the Emoji Puzzles Part 1 and Part 2 was
determined by students’ ability to find the correct value of each emoji (i.e., three emojis
per puzzle X three puzzles = 9 points) and to compute the correct solution to the final
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equation for each of the three puzzles (i.e., 3 points), resulting in a total possible score of
12.
The Qualtrics survey was configured to calculate the amount of time that students
spent on each puzzle (i.e., the page on which the puzzle was displayed). Students’ score
report, which was provided at the end of the final puzzle, indicated how much time the
student spent on each puzzle (see Figure 2.4). However, the unmonitored nature of this
activity made it impossible to determine whether the time elapsed per page was a true
reflection of students’ time on each puzzle task (e.g., some students may have been
distracted or stepped away from the activity). For this reason, time was not included in
study analyses.
Perceived Mastery
Students’ perceived mastery (α = .84) was assessed with eight items after
receiving their score report. Three items were adapted from the mastery experience
subscale used by Usher and Pajares (2009) and asked students to indicate their level of
agreement with leveled performance evaluation statements (e.g., “I did well on the Level
1 puzzle.”). Students responded using a 4-point Likert-type response format ranging from
1 (Strongly Disagree) to 4 (Strongly Agree). Three items were developed specifically for
this study and asked students to rate their performance on each puzzle on a scale from 1
(Total Failure) to 4 (Total Success). Students also evaluated their overall performance by
responding to a single item (i.e., “Overall, how did you do on these puzzles?”). Response
options ranged from 1 (Very Bad) to 4 (Very Good). Finally, students indicated their
satisfaction with their overall performance from 1 (Extremely Dissatisfied) to 4
(Extremely Satisfied).
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Task-Specific Math Self-Efficacy
Before responding to self-efficacy items, students were given the following
directions: “Soon you will do Part 2 of these puzzles. Think about your ability to
complete different puzzles from each level.” Their task-specific math self-efficacy was
measured in two ways using items that were created following Bandura’s (2006)
guidelines. Three items assessed self-efficacy for correctly solving systems of equations
(α = .89) at varying levels of difficulty (e.g., “I can find the correct solutions to Level 2
puzzles.”). Three items assessed self-efficacy for quickly solving systems of equations at
varying levels of difficulty (e.g., “I can quickly find the correct solutions to Level 3
puzzles.”). Students rated their level of agreement on a scale from 1 (Strongly Disagree)
to 4 (Strongly Agree).
The two self-efficacy measures were carefully crafted to correspond with the type
of performance feedback that students received (i.e., accuracy and speed). However,
given the limitations of the measure of speed on the emoji tasks, I elected to focus
analyses exclusively on self-efficacy for correctly solving the systems of equations.
Doing so also ensured that the self-efficacy measure corresponded with the performance
score, which was unaffected by the time elapsed during the activity.
Intrinsic Motivation
Students’ intrinsic motivation (α = .89) for the puzzle task was measured with
four items adapted from Isen and Reeve (2005; e.g., “I am excited to do a similar set of
these puzzles again.”). Students responded using a 4-point Likert-type response format
from 1 (Strongly Disagree) to 4 (Strongly Agree). One item (i.e., “I wish I didn't have to
do a similar set of these puzzles again.”) was reverse coded.
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Decision to Reengage
Following Math Emoji Puzzles Part 1, students were asked, “If you would like,
you can do one more puzzle right now. Would you like to do another puzzle?” to which
they could respond yes (1) or no (0). This item was used as a measure of intended
reengagement, but students who selected “yes” were shown a message saying that a
technical error prevented the activity from loading, reassuring them that they would have
a chance to try again later (i.e., Math Emoji Puzzles Part 2).
Analyses
A path analytic model including performance-related factors, perceived mastery,
task-specific self-efficacy, intrinsic motivation, decision to reengage, and performance
was developed in MPlus 8 (Muthén & Muthén, 1998-2017; Figure 2.1). I used
recommended cutoff values for indices of fit, including the comparative fit index (CFI >
0.90; Bentler, 1990), root mean square error of approximation (RMSEA ≤ 0.06; Hu &
Bentler, 1999), and standardized root mean square residual (SRMR ≤ 0.08; Hu & Bentler,
1998). WLSMV estimation techniques were used because they allow for both continuous
and categorical data to be included in a single model.
This sample includes students in elementary school (i.e., Grades 4-5) and middle
school (Grades 6-8). Researchers have found that the transition to middle school is
associated with a shift in ability beliefs (Eccles et al., 1998; Jacobs et al., 2002; Muenks
et al., 2018; Schunk & Meece, 2006; Schunk & Miller, 2002; Wang et al., 2017).
Furthermore, students’ math abilities generally increase as they progress through school.
For these reasons, grade level was used as a control variable in all analyses. Grades 4-5

60

were combined as “elementary school” (0) and Grades 6-8 were combined as “middle
school” (1).
There were no issues of missing data in Emoji Puzzles Part 1 because responses
were required in the survey. However, some attrition between timepoints resulted in
students with missing T2 performance measures. T2 data were determined to be missing
completely at random using Little’s MCAR test (p = .294). Pairwise deletion was
selected over full information maximum likelihood techniques due to limitations
associated with the WLSMV estimation technique (Muthén & Muthén, 1998-2017).
I completed an exploratory factor analysis assessing scale dimensionality for the
eight-item perceived mastery scale. Eigenvalues suggested that a three-factor structure
may best fit the data. However, in this approach, two items were cross-loaded across all
three factors (i.e., overall perception of performance, overall satisfaction). The remaining
factors reflected a specific level of puzzle. For example, Factor 1 comprised the two
Level 1 perceived mastery items. Similarly, the two overall performance items crossloaded onto both factors in the two-factor structure, and Factor 2 comprised only the
Level 3 perceived mastery items. Although the eigenvalues suggested a possible
multidimensional structure, theoretical evidence did not support this structure.
Furthermore, perceived mastery was expected to be predicted by performance-related
variables. These performance-related variables were measured across each puzzle level.
If perceived mastery were factored into leveled groups (e.g., perceived mastery for Level
1, perceived mastery for Level 2), the measurement of performance-related factors would
not have corresponded with the measurement of perceived mastery. For this reason, I
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determined that the unidimensional structure was the best option for the data. Factor
loadings ranged from .55 to .91.
Empirical and theoretical evidence from scale reliability analyses suggested that
no items needed to be removed from further analyses (i.e., items were moderately
correlated with other items in the scale, corrected item-total correlations were above .30,
removing the items decreased the scale’s Cronbach’s α). Composite means were then
created for each scale. Means, standard deviations, and bivariate correlations are provided
in Table 2.2.
Results
Model Identification and Fit
Data met all assumptions associated with path analyses (i.e., linearity, no
significant interactions between terms that are not in the model, normally distributed data,
no covariance among disturbance terms; Streiner, 2005). Fit indices of the original
hypothesized model indicated poor fit, χ2 (16) = 85.90, p < .001, CFI = 0.79, RMSEA =
0.13, SRMR = 0.11. Modification indices suggested a direct relationship that was not
accounted for in the original model between perceived mastery and the intrinsic
motivation, decision to reengage, and T2 performance variables. Perceived mastery was
positively correlated with intrinsic motivation and T2 performance, and these additional
direct paths were not in opposition to theory or existing literature.
For the above reasons, direct paths from perceived mastery to intrinsic
motivation, decision to reengage, and T2 performance were added to the model (Figure
2.5). Fit indices of the new model indicated that this model was tenable, χ2 (11) = 27.10,
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p < .001, CFI = 0.96, RMSEA = 0.05, SRMR = 0.04 (West et al., 2012). All reported
results are standardized, and 95% confidence intervals are provided.
The sample size of this study is 286. Kline (2015, p. 111) has suggested a
preferred sample of 20 participants per parameter, but conceded that a minimum of 10
participants per estimated parameter in the model is sufficient and may be more realistic.
There are 42 free parameters in the final hypothesized path model, resulting in a
minimum suggested sample size of 420 students. However, Kline (2015) indicated that
the cases:parameter ratio does not create doubtful statistical precision until it falls below
5:1 (i.e., a suggested minimum sample of at least 210 for the present model).
The Development of Self-Efficacy
I analyzed the relationship between perceived difficulty, perceived effort
expenditure, T1 performance, and perceived mastery to answer the first three research
questions (Columns 1 and 2 of Figure 2.5). As hypothesized, T1 performance (β = .62, CI
[.57, .67]) positively predicted perceived mastery and perceived difficulty (β = -.41, CI [.49, -.33]) negatively predicted perceived mastery. Contrary to my hypothesis, perceived
effort (β = .16, CI [.07, .24]) was positively associated with perceived mastery. The
model explained 61% of the variance in perceived mastery.
I answered Research Question 4 (i.e., What is the relationship between perceived
mastery and learners’ self-efficacy?) by considering the path from perceived mastery to
self-efficacy (Columns 2 and 3 of Figure 2.5). This path was significant and positive (β =
.62, CI [.56, .68]), as hypothesized. The model explained 38% of the variance in selfefficacy.
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Intrinsic Motivation, Reengagement, and Performance Outcomes
I answered RQ 5 (i.e., What is the relationship between self-efficacy, intrinsic
motivation, decision to reengage in a similar task, and actual performance on a task?) by
analyzing Columns 3 and 4 from the path model (Figure 2.5). The direct and indirect
relationship between T1 and T2 performance was accounted for in the model. Selfefficacy was positively associated with intrinsic motivation (β = .14, CI [.16, .43]) as
hypothesized, but negatively associated with T2 performance (β = -.13, CI [-.26, -.01]),
contrary to my hypothesis. Self-efficacy was not related to decision to reengage, which
was also counter to my hypothesis.
Perceived mastery positively predicted intrinsic motivation (β = .29, CI [.16, .43])
and T2 performance (β = .29, CI [.10, .47]). Perceived mastery was not directly or
indirectly related to decision to reengage.
Discussion
The primary purpose of this study was to investigate the cognitive process
through which early adolescent learners interpret performance-related information in
math. Additionally, I sought to examine the relationship between students’ perceived
mastery and their task-specific math self-efficacy, as well as the relationship between
self-efficacy, intrinsic motivation, task reengagement, and performance. This study
expands on what is known about self-efficacy development in math. Numerous studies
have found that when students believe they have been successful in the past, they are
more confident in their math abilities (e.g., Ahn et al., 2017; Butz & Usher, 2015; Joët et
al., 2011). However, little is known about how students determine whether they have
been successful.
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Development of Perceived Mastery
Variations in perceived mastery were largely explained by students’ actual
performance, as would be expected. That is, the more puzzles students solved correctly,
the more successful they felt. However, students’ perceptions of mastery were not purely
a result of actual performance (i.e., behaviors). Instead, students’ perceived difficulty and
perceived effort also uniquely explained variance in perceived mastery after accounting
for actual performance levels, which highlights the recursive relationship between
personal factors.
The relationship between perceived difficulty and perceived mastery, controlling
for perceived effort and actual performance, was negative as hypothesized. Many
students report that experiencing difficulty with a task reveals ability levels, and that the
more difficult a task seems, the less capable they must be (Bandura, 1997; Tornare et al.,
2015). The negative relationship between perceived difficulty and perceived mastery in
this study suggests that students who felt that the emoji puzzle task was difficult were
less satisfied with their performance. This finding may partially explain the previously
established negative relationship between perceived difficulty and self-efficacy (Tornare
et al., 2015). That is, students who believe that high difficulty reveals their inability may
have more negative beliefs about their performance, which, in turn, may lower their
beliefs about their math ability.
Contrary to my hypothesis, the positive relationship between perceived effort and
perceived mastery (accounting for perceived difficulty and actual performance) suggested
that when students put more effort into a task, they also believe they have done better.
This is counter to Bandura’s hypothesis (1997), which suggested that, of students who
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achieve similar performance levels, those who invested less effort will feel more
successful. Furthermore, early adolescent learners often report believing that high levels
of effort reveal low levels of ability (i.e., inverse view of effort; Dweck, 1999; Nicholls,
1984). I expected that the previously established negative relationship between perceived
effort and self-efficacy would be reflected in the relationship between perceived effort
and perceived mastery. However, my findings instead support the notion that students’
belief that they have put effort into a task is associated with more positive views of
performance.
Variations in the relationship between perceived effort and perceived mastery or
ability beliefs may be due to the difference between having to exert effort and choosing
to exert effort. When students face a difficult task, they tend to respond with a required
increase in effort (i.e., task-initiated effort). Conversely, when students are deeply
engaged with an activity, they may be intrinsically motivated to increase their effort (i.e.,
self-initiated effort; Muenks & Miele, 2017). Including perceived difficulty in the path
model for the present study may have, at least partially, accounted for task-initiated
effort, which has been shown to be negatively associated with beliefs about ability
(Muenks & Miele, 2017). In this way, self-initiated effort, which has been shown to be
positively associated with perceived ability (Muenks & Miele, 2017), may be what is
positively predicting perceived mastery. That is, when students believed that they put
their effort into a task by choice, they also had more positive perceptions of their
performance.
Students views of the type of effort required for the math puzzles (i.e., task- or
self-initiated) were not measured in this study. Thus, more research is required to
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understand the nuanced relationship between perceived effort and perceived mastery. For
example, researchers might replicate this study but add an open-ended question after the
effort items to ask students why they put their given level of effort into the puzzle. These
responses could then be coded for themes and patterns, coding specifically for task- or
self-initiated attributions, and analyzed using a mixed methods approach.
Outcomes of Perceived Mastery
Perceived mastery was positively related to self-efficacy, as hypothesized. This
finding is aligned with decades of self-efficacy development research (e.g., Ahn et al.,
2017; Bandura, 1997; Butz & Usher, 2015; Joët et al., 2011). However, I was surprised to
find that perceived mastery was also directly related to outcome variables in the model,
given previously theorized relationships (i.e., perceived mastery informs self-efficacy,
self-efficacy then predicts motivation and performance; Bandura, 1997). Students who
believed they had done well on the task reported that they would enjoy doing more
puzzles. Perhaps more interestingly though, how well students believed they did on the
initial task predicted how well they did on a subsequent task, even when accounting for
their actual initial performance. This direct relationship between perceived mastery and
performance on a second task highlights the way that personal factors, like beliefs about
performance level, can be related to behaviors.
Outcomes of Self-Efficacy
As expected, self-efficacy was positively associated with intrinsic motivation.
This suggests that when students feel more confident in their abilities to successfully
complete a task, they are more likely to show interest and engagement in that task.
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Surprisingly, self-efficacy was negatively associated with students’ performance
on the second set of math puzzles. Perhaps the negative relationship between selfefficacy and performance is an artifact of the model, stemming from the relationship
between perceived mastery and self-efficacy (i.e., multicollinearity). However, the
bivariate correlation between perceived mastery and self-efficacy was within an
acceptable range (r = .54), and self-efficacy maintained its positive predicted relationship
with the other outcome of interest (i.e., intrinsic motivation).
Alternatively, the negative relationship between self-efficacy and performance
may reflect a miscalibration of students’ ability level and their ability beliefs (e.g.,
Talsma et al., 2019). The path model in this study accounts for direct effects from both
perceived mastery and initial performance. Thus, for students who had the same actual
and perceived level of performance, those with higher self-efficacy performed worse.
Perhaps these emergent self-beliefs about ability that are not directly associated with
actual or perceived mastery may be inaccurate, or not appropriately calibrated. For
example, students may not have adjusted, or recalibrated, their ability beliefs after their
initial performance.
Previous work considering miscalibrated self-efficacy beliefs has also found an
inverse relationship between self-efficacy and performance. That is, students with
inflated self-efficacy tend to perform below their believed ability and students who have
underestimated their abilities tend to perform above their expected ability (Talsma et al.,
2019). Still, a negative relationship between self-efficacy and performance is divergent
from most self-efficacy literature. However, according to Bandura (1997), “Given
fluctuating performance, it is no easy matter to determine whether discrepancies between
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efficacy judgment and action reflect misjudgments of capability or unrepresentativeness
of the particular performance sample used as the reality marker” (p. 71). More research is
needed to determine whether the negative relationship between self-efficacy and
performance found in this study is an artifact of the methods and data, a possible
indication of miscalibrated beliefs, or another reason unexplored here.
Limitations and Directions for Future Research
Data collection for this study took place during the COVID-19 pandemic. In
addition to factors associated with living and learning during a pandemic (e.g., stress,
virtual classrooms), there were logistical challenges with survey administration. Teachers
had limited time available, and school district restrictions prevented me from being able
to personally administer the survey instruments to students. Furthermore, students
completed the activities for this study in a variety of settings, which may have introduced
error (e.g., distractions, help from parents). Due to these limitations, this study should be
replicated once the pandemic is over and students’ lives have returned to a more normal
state.
Students had varying time between their first and second activity due to
limitations associated with COVID-19. This difference in timing might have influenced
two key outcomes. First, students were given the choice to do an additional puzzle at the
end of T1 (i.e., decision to reengage). This decision may have been influenced by
environmental factors for students who were assigned both activities simultaneously.
That is, students who knew that they had to complete Emoji Puzzles Part 2 upon
completion of Emoji Puzzles Part 1 may have been less likely to choose to complete an
extra puzzle. Furthermore, students who indicated that they did not want to do more
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puzzles were immediately asked to do more puzzles anyway (i.e., Emoji Puzzles Part 2).
This may have influenced how seriously they took the second task and, in turn, their T2
performance.
Second, students’ T2 performance may have been influenced by time between
tasks. Students who did not immediately complete the second activity may have practiced
similar puzzles or had social interactions related to the puzzles that not only influenced
their performance on the second set of puzzles, but also their self-efficacy. Conversely,
students who immediately completed the second activity may have been mentally
fatigued or disengaged from the activity.
The emoji puzzles used in this study may have been unfamiliar to students and
may not represent students’ typical math instruction or exposure (e.g., emojis, as opposed
to letters, representing missing values). Also, activities in this study had no real stakes
associated with them as might be the case with typical learning tasks. I attempted to make
the tasks engaging; however, students may not have taken the task seriously as there were
no consequences for doing so. More research is required to test whether cognitive
patterns found in this study may also be found in more traditional math work where
stakes are attached to performance.
Participants in this study were early adolescent students (i.e., Grades 4-8).
Adolescence is a formative time for students wherein they may be hypersensitive to
efficacy-relevant information (Blackwell et al., 2007; Dweck & Yeager, 2019; Schunk &
Meece, 2006), so the inferences drawn from this sample may not generalize to samples of
different age ranges. Therefore, more research is needed to determine whether the
relationships found in this study also extend to other age or grade ranges. For example,
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researchers might consider a comparative study where students at different
developmental stages (e.g., middle/late childhood, early adolescence, adolescence, young
adulthood) complete the same activities and self-report items from the present study.
Pilot testing and iterative design processing would be required to ensure the
developmental appropriateness of the math task and survey items for such a large age
range.
Participants in this study were mostly White (i.e., 85.3% of the sample). Although
this was in proportion to the racial composition of the districts in which the data were
collected, the racial diversity of this sample was limited. Students’ position within their
social and cultural environment may influence how they interpret performance-related
information and, in turn, how they perceive their performances (Usher & Weidner, 2018).
Furthermore, cultural differences may result in varying definitions of success and
competence (Stephens et al., 2017). An essential next step is to investigate whether the
relationships found in this study are replicated in a more racially diverse sample.
Factors other than difficulty, effort, and performance score may be related to
students’ perceptions of mastery on math tasks. Such factors include the amount of
assistance received, the circumstances under which students performed, or the timing of
successes and failures. Researchers might also consider personal factors like ability
mindset that may be related to the relationships tested here. For example, does the
relationship between perceived effort and perceived mastery differ by students’ beliefs
about whether ability is a fixed trait?
This study is correlational by design. More work is needed to determine any
possible causal effects in the relationships investigated here. For example, students who
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felt successful on the first emoji puzzle activity also reported being intrinsically
motivated to complete more puzzles. Does this mean that the feeling of success results in
increased intrinsic motivation, or do students consider a feeling of intrinsic motivation
when forming their perceptions of mastery? Similarly, does the positive relationship
between perceived effort expenditure and perceived mastery mean that students’
perception of effort exertion causes them to feel more successful, or do students who are
feeling more successful invest more effort? Researchers may be able to better understand
the directional nature of the relationships investigated in the present study by employing
experience sampling methods or cross-lagged analyses.
Finally, I provided students with a general indication of puzzle difficulty in the
task instructions (i.e., students were told that the puzzles increase in difficulty, with the
Level 1 puzzle being the easiest and the Level 3 puzzle being the hardest). According to
Bandura (1997), students’ perceptions of actual task difficulty may interact with their
perceived effort expenditure and perceived personal difficulty. For example, completing a
difficult task with little effort or personal difficulty may be a powerful mastery
experience. Conversely, students may experience feelings of failure if they find that an
easy task is highly difficult for them, requiring high levels of effort. Researchers might
use experimental methods to explore this further, manipulating the way learners perceive
the actual difficulty of a task.
Significance of Study
Findings from this study contribute to the current literature on the sources of selfefficacy by identifying performance-related factors that may inform students’ perceived
mastery. Furthermore, I examined a full social cognitive motivational sequence—from
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antecedents of perceived mastery through perceived mastery and math self-efficacy to
intrinsic motivation, decision to reengage, and performance outcomes. Results support
Bandura’s (1997) theory of self-efficacy by testing his hypothesis that perceptions of
mastery depend, in part, on perceived difficulty, perceived effort expenditure, and actual
performance.
Investigating this series of relationships (i.e., performance-related factors,
perceived mastery, self-efficacy, motivation, and performance outcomes) provides
practitioners with insight into possible predictors of students’ academic motivation,
reengagement, and performance. This better understanding of the process through which
math self-efficacy develops for early adolescent students may equip teachers to more
effectively support students’ math self-efficacy and motivation in the classroom by
monitoring the way students are perceiving their difficulty, effort, and performances.
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Table 2.1
Sample Characteristics (N = 286)
Full Sample
n
Percent

Metro District
n
Percent

Non-Metro District
n
Percent

Grade Level
4th

27

9.4

1

0.8

23

16.5

5th

4

1.4

4

3.1

0

0.0

6th

1

0.3

0

0.0

1

0.7

7th

158

55.2

125

96.2

19

13.7

8th

96

33.6

0

0.0

96

69.1

9

13

4.8

0

0

13

9.4

10

12

4.5

2

1.5

10

7.2

11

3

1.1

3

2.3

0

0.0

12

60

22.3

56

43.1

4

2.9

13

125

46.5

66

50.8

59

42.4

14

53

19.7

3

2.3

50

36.0

15

3

1.1

0

0

3

2.2

145

50.7

65

45.4

80

57.6

116

40.6

59

50.0

57

41.0

25

8.7

6

4.6

2

1.4

4

1.4

4

3.1

0

0.0

1

0.3

1

0.8

0

0.0

15

5.2

9

6.9

6

4.3

6

2.1

2

1.5

4

2.9

237

82.9

110

84.6

127

91.4

23

8.1

4

3.1

2

1.4

Age

Gender
Girl
Boy
Non-Binary or
PTNS
Ethnicity
Asian or Asian
American
Black or African
American
Latino/Latina or
Hispanic
Multiracial
White
Other or PTNS

Note. PTNS = Prefer to not say. 17 students chose to not indicate their county.
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Table 2.2
Means, Standard Deviations, and Correlations for Study Variables
Variable
Perceived Difficulty (PD)

M
2.68

SD
0.79

PD
.85

PE

T1COR

PM

SE

Perceived Effort (PE)

2.47

0.70

.49**

.87

T1 Total Correct (T1COR)

0.56

0.92

-.20**

-.04

n/a

Perceived Mastery (PM)

2.87

0.60

-.34**

-.02

.69**

.84

Self-Efficacy (SE)

2.93

0.54

-.32**

-.09

.46**

.54**

.89

Intrinsic Motivation (IM)

0.56

0.92

-.29**

.03

.21**

.37**

.32**

Decision to Reengage (DR)

n/a

n/a

-.10

-.03

.03

.07

T2 Total Correct (T2COR)

0.20

0.26

-.20**

-.09

.54**

.45*

-.10
.22**

IM

DR

.89
n/a

.32**
.27**

-.10
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Note. Decision to reengage is coded yes = 1, no = 0. Cronbach’s alphas for each scale are displayed on the diagonal.
*p < .05. **p < .01. ***p < .001.

T2COR

n/a

Figure 2.1
Initial Hypothesized Path Model
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Note. Green paths represent paths that are predicted to be positive. Red paths represent paths that are predicted to be negative.

Figure 2.2
Study Design Flowchart
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Figure 2.3
Sample Level 3 Emoji Math Puzzle
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Figure 2.4
Sample Score Report

90

Figure 2.5
Final Path Analytics Model
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Note. Significant paths are color coded (red = negative, green = positive, gray = nonsignificant). χ2 (11) = 27.10, p < .001,
CFI = 0.96, RMSEA = 0.05, RMSEA 90% CI: (0.03, 0.08), SRMR = 0.04.

Chapter 4: CONCLUSION
Ample evidence has shown a relationship between math self-efficacy and its
sources (i.e., mastery experiences, vicarious experiences, social persuasions, and
physiological/affective states; e.g., Ahn et al., 2017; Bandura, 1997; Butz & Usher, 2015;
Joët et al., 2011). However, few studies have considered precursors that may influence
the way that learners perceive and interpret information from those sources. The purpose
of this dissertation was to consider factors that may influence early adolescent students’
perception of efficacy-relevant information. In Study 1, I used structural equation
modeling to investigate whether the relationship between two types of perfectionism (i.e.,
self-oriented, socially-prescribed) and math self-efficacy might be mediated by students’
perception of information from the four hypothesized sources of self-efficacy. In Study 2,
I examined a single source of self-efficacy—mastery experience—and considered how
learners’ interpretations of performance-related factors such as effort and difficulty might
be related to how learners evaluate their performances. I also considered the relationship
between perceived mastery, task-specific math self-efficacy, intrinsic motivation, task
reengagement, and performance. I will briefly review each study below before providing
concluding remarks.
Study 1: The “Perfect” Lens
In Study 1, I investigated how students’ level of perfectionism might predispose
them to develop their math self-efficacy in different ways. Students who set exceptionally
high standards for themselves were more confident in their math abilities, and students
who felt pressure to be perfect from those around them were less confident in their math
abilities. Generally, students high in self-oriented perfectionism perceived more positive
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efficacy-relevant information. Conversely, students high in socially-prescribed
perfectionism generally perceived less positive efficacy-relevant information. Although
there were significant relationships between perfectionism and the four hypothesized
sources of self-efficacy as well as relationships between perfectionism and math selfefficacy, only one mediation path (i.e., from perfectionism through the sources to math
self-efficacy) was significant for each type of perfectionism (i.e., the path through
mastery experiences). Students high in self-oriented perfectionism reported feeling more
successful in math, and in turn reported higher math self-efficacy. Students high in
socially-prescribed perfectionism perceived a lower level of mastery experiences, and in
turn reported lower math self-efficacy. These two significant mediation paths suggest that
perfectionism influences self-efficacy in part by influencing the way learners perceive
and interpret their performances.
The self-efficacy development of students who hold themselves to high standards
has a positive trend, suggesting that self-oriented perfectionism may be an adaptive
personal standard. However, when students feel pressure to be perfect, they perceive
lower levels of positive efficacy-relevant information and report lower self-efficacy,
suggesting that socially-prescribed perfectionism may be maladaptive.
Perfectionistic tendencies are influenced and fostered by the significant adults in
an adolescent’s life (Damian et al., 2017; Fairweather-Schmidt & Wade, 2015; McArdle
& Duda, 2004; Vekas & Wade, 2017). Teachers and parents might promote more
adaptive performance expectations (e.g., positively related self-efficacy development) by
leading students to set their own high standards without imposing an expectation of
perfection. When learners feel that nothing short of perfection is accepted by important
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adults in their lives (i.e., high levels of socially-prescribed perfectionism), they feel less
successful and are less confident in their math abilities. Students who doubt their
capabilities also tend to perform worse (e.g., Olivier et al., 2019; Pajares & Graham,
1999; Williams & Williams, 2010). To combat the deleterious influence of sociallyprescribed perfectionism on self-efficacy and, in-turn, performance, teachers and parents
might ensure that students are not interpreting high standards as expectations of
perfection by showing grace for errors. Similarly, instead of imposing seemingly
unreachable standards, teachers might lead students to set their own high standards.
Study 2: Predictors and Outcomes of Perceived Mastery
In Study 2, I investigated how performance-related factors (i.e., perceived
difficulty, perceived effort expenditure, actual performance) are related to one particular
source of math self-efficacy — perceived mastery. I also considered how perceived
mastery is related to math self-efficacy and, in turn, intrinsic motivation, task
reengagement, and performance on a math task. Findings from this study supported
Bandura’s (1997) theory that perceived difficulty, perceived effort, and actual
performance predict learners’ perceptions of mastery. That is, students’ perceptions of
mastery after a math task were informed largely by their actual performance on the task
(i.e., the better students’ scores, the more successful they felt). However, students’
perceived difficulty and perceived effort expenditure on the math task were also related
to students’ perceived level of success after the math task. The negative relationship
between perceived difficulty and perceived mastery supported Bandura’s (1997)
hypothesis that students who face personal difficulty with a task will feel less successful.
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However, the positive relationship between perceived effort and perceived mastery was
surprising.
Students who felt more successful on the first task also reported feeling more
confident in their ability to perform well on the second task, which is aligned with prior
work (e.g., Usher & Pajares, 2009). However, I was surprised to find that feelings of
success were also related to increased intrinsic motivation and performance on the second
task, accounting for the relationship between perceived mastery and self-efficacy.
Increases in self-efficacy were related to increases in intrinsic motivation as well, but
students who were more confident in their ability to perform well on the second task
actually performed slightly worse. This finding was counter to my hypothesis.
The finding that students’ perceptions of mastery are positively related to selfefficacy, intrinsic motivation, and performance might lead scholars and practitioners to
focus on artificially raising students’ perceived mastery in an effort to improve
motivation and performance. This approach could result in easier tasks, more help
availability, or protecting students from failure. However, Pajares (2006) suggested that
self-efficacy developed purely through success is “naked against adversity” (p. 365).
Instead, teachers might consider the way that effort and difficulty are framed within the
classroom, encouraging the viewpoint that doing hard things and putting forth effort are
indicators of growth opportunities, not inabilities. Researchers might employ intervention
studies to better understand the role that teachers may play in how learners interpret and
perceive their performances.
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Concluding Remarks
Study 1 and Study 2 investigated several precursors to self-efficacy development.
Perfectionism, perceived difficulty, and perceived effort were all found to be associated
with the way leaners interpret information from the four hypothesized sources of selfefficacy. However, how early adolescents perceive efficacy-relevant information in math
warrants further investigation. For example, studies from this dissertation could be
replicated using different predispositions (e.g., growth mindset) or performance-related
factors (e.g., assistance received) to answer new questions while also contributing to what
is known about how predispositions and performance-related factors influence selfefficacy development.
Ability beliefs are known to be contextualized (e.g., Bandura, 1997; Usher et al.,
2018), so more research is needed to understand whether the findings from this
dissertation are transferable to other domains (e.g., reading). Furthermore, Study 2 data
were collected online in the context of a global pandemic. More work is needed to
confirm that the relationships revealed in this study transfer to in-person learning contexts
outside of a global pandemic.
I chose to consider predispositions and performance-related factors separately in
this dissertation. However, predispositions and performance-related factors may
reciprocally inform one another. For example, would the relationship between
performance, perceived mastery, and self-efficacy vary by students’ perfectionistic
tendencies? Questions like this were outside of the scope of this dissertation, but warrant
further investigation.

96

Many researchers have reported a relationship between self-efficacy and its four
hypothesized sources, but few have considered factors that may influence the way
students interpret efficacy-relevant information. This dissertation contributes to what is
known about the sources of self-efficacy by investigating how predispositions (i.e.,
perfectionism) and performance-related factors (i.e., perceived difficulty, perceived effort
expenditure, actual performance) are related to the way adolescent learners perceive and
interpret information from the four hypothesized sources of self-efficacy.
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Appendix A
Factor Loadings
Full Structural Equation Model (Including Mediation Paths): Factor Loadings
Scale

Item

Lower
5%

Estimate

Upper
5%

Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Self-Oriented Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Socially-Prescribed Perfectionism
Mastery Experiences
Mastery Experiences
Mastery Experiences
Mastery Experiences
Mastery Experiences
Mastery Experiences
Vicarious Experiences
Vicarious Experiences
Vicarious Experiences
Vicarious Experiences
Vicarious Experiences
Vicarious Experiences
Vicarious Experiences
Social Persuasions

1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
1
2
3
4
5
6
7
1

.62
.61
.50
.58
.57
.59
.48
.70
.62
.37
.53
.74
.53
.80
.60
.47
.75
.65
.52
.78
.74
.58
.36
.66
.76
.66
.64
.65
.69
.71
.59
.43
.75

.65
.65
.54
.62
.60
.63
.54
.72
.65
.43
.56
.77
.55
.83
.63
.51
.78
.67
.55
.79
.77
.62
.42
.68
.78
.69
.67
.68
.71
.74
.63
.47
.77

.68
.69
.58
.65
.63
.67
.59
.75
.69
.49
.60
.79
.58
.84
.66
.55
.80
.70
.58
.80
.80
.66
.48
.71
.80
.72
.70
.71
.74
.77
.66
.52
.80
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Social Persuasions
Social Persuasions
Social Persuasions
Social Persuasions
Social Persuasions
Physiological and Affective States
Physiological and Affective States
Physiological and Affective States
Physiological and Affective States
Physiological and Affective States
Physiological and Affective States
Math Self-Efficacy
Math Self-Efficacy
Math Self-Efficacy
Math Self-Efficacy

2
3
4
5
6
1
2
3
4
5
6
1
2
3
4

.78
.72
.77
.73
.68
.74
.70
.79
.71
.64
.73
.85
.87
.75
.77

.80
.75
.80
.74
.71
.76
.73
.82
.73
.67
.76
.87
.89
.78
.79

.83
.77
.82
.79
.73
.79
.76
.84
.76
.69
.79
.89
.91
.80
.81

Note. Confidence intervals were created using bootstrapping techniques (n = 5,000).
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Appendix B
Instrumentation for Study 1
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Time 1
Childhood-Adolescent Perfectionism Scale (Flett et al., 2016)
Response options from Big F (Definitely False, 1) to Big T (Definitely True, 6).
Item
Subscale
Item
#
2
Self-Oriented Perfectionism
I do not have to be the best at everything I do.
3
Self-Oriented Perfectionism
When I do something, it has to be perfect.
5
Self-Oriented Perfectionism
I can’t stand to be less than perfect.
6
Self-Oriented Perfectionism
I don’t always try to be the best.
7
Self-Oriented Perfectionism
I get mad at myself when I make a mistake.
9
Self-Oriented Perfectionism
I get upset if there is even one mistake in my work.
10 Self-Oriented Perfectionism
It really bothers me if I don’t do my best all the time.
12 Self-Oriented Perfectionism
I feel that I have to do my best all the time.
13 Self-Oriented Perfectionism
Even when I pass, I feel that I have failed if I didn’t get one of the highest grades in the class.
15 Self-Oriented Perfectionism
I try to be perfect in everything I do.
16 Self-Oriented Perfectionism
I want to be the best at everything I do.
17 Self-Oriented Perfectionism
I always try for the top score on a test.
1
Socially-Prescribed Perfectionism People around me expect me to be great at everything.
4
Socially-Prescribed Perfectionism There are people in my life who expect me to be perfect.
8
Socially-Prescribed Perfectionism People expect more from me than I am able to give.
11 Socially-Prescribed Perfectionism Other people always expect me to be perfect.
14 Socially-Prescribed Perfectionism My teachers expect my work to be perfect.
18 Socially-Prescribed Perfectionism My parents don’t always expect me to be perfect in everything I do.
19 Socially-Prescribed Perfectionism Other people think that I have failed if I do not do my very best all the time.
20 Socially-Prescribed Perfectionism My family expects me to be perfect.
21 Socially-Prescribed Perfectionism I am always expected to do better than others.
22 Socially-Prescribed Perfectionism I feel that people ask too much of me.
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Time 2
Sources of Math Self-Efficacy (Usher & Pajares, 2009)
Response options from Big F (Definitely False, 1) to Big T (Definitely True, 6).
Item
Subscale
Item
#
1
Mastery Experiences
I do well on even the most difficult math assignments.
2
Mastery Experiences
I do well on math assignments.
3
Mastery Experiences
I got good grades in math on my last report card.
4
Mastery Experiences
Even when I study very hard, I do badly in math.
5
Mastery Experiences
I have always been successful with math.
6
Mastery Experiences
I make excellent grades on math tests.
7
Vicarious Experiences Seeing adults do well in math helps me do better in math.
8
Vicarious Experiences Seeing kids do better than me in math helps me do better in math.
9
Vicarious Experiences When I see how another student solves a math problem, I can see myself solving the problem in the
same way.
10 Vicarious Experiences When I see how my math teacher solves a math problem, I can see myself solving the problem in the
same way.
11 Vicarious Experiences I imagine myself working through challenging math problems successfully.
12 Vicarious Experiences I compete with myself in math.
13 Vicarious Experiences On math tests, I always try to do better than I have before.
14 Social Persuasions
My math teachers have told me that I am good at learning math.
15 Social Persuasions
Adults in my family have told me what a good math student I am.
16 Social Persuasions
Other students have told me that I'm good at learning math.
17 Social Persuasions
People have told me that I have a talent for math.
18 Social Persuasions
I have been complimented for my ability in math.
19 Social Persuasions
My classmates like to work with me in math because they think I'm good at it.
20 Phys/Affective States
Just being in math class makes me feel stressed and nervous.
21 Phys/Affective States
Doing math work takes all of my energy.
22 Phys/Affective States
I start to feel stressed-out as soon as I begin my math work.
23 Phys/Affective States
My mind goes blank and I am unable to think clearly when doing math work.
24 Phys/Affective States
I get sad when I think about learning math.
25 Phys/Affective States
My whole body becomes tense when I have to do math.

Math Self-Efficacy (Usher & Pajares, 2009)
Response options from Not at All Confident (1) to Completely Confident (6)
Item
Item
#
1
In general, how confident are you in your abilities in math?
2
How confident are you that you will do well in math this year?
3
How confident are you that you can learn math?
4
How confident are you that you will get an A in math this year?
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Appendix C
Instrumentation
Time 1 Emoji Puzzles
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Level 1

Level 2

Perceived Difficulty (Adapted from Watt, 2004)
Response options from Very Easy (1) to Very Hard (4). Answered after each level of puzzle.
“How was this puzzle for you?”
Perceived Effort Expenditure (Adapted from McAuley et al., 1989)
Response options from Not at All (1) to Extremely (4). Answered after each level of puzzle.
“How hard did you try on the puzzle you just completed?”

Level 3

Perceived Mastery (Adapted from Usher & Pajares, 2009)
Response options for Items 1-3 from Strongly Disagree (1) to Strongly Agree (4).
Response options for Items 4-6 from Total Failure (1) to Total Success (4).
Response options for Item 7 from Very Bad (1) to Very Good (4).
Item #
1
2
3
4
5
6
7

Level

I did well on the Level 1 puzzle.
I did well on the Level 2 puzzle.
I did well on the Level 3 puzzle.
How would you describe your performance on the Level 1 puzzle?
How would you describe your performance on the Level 2 puzzle?
How would you describe your performance on the Level 3 puzzle?
Overall, how did you do on these puzzles?
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Task-Specific Math Self-Efficacy (Created using Bandura’s 2006 guidelines)
Response options from Strongly Disagree (1) to Strongly Agree (4).
Item #
1
2
3
4
5
6

Item
I can find the correct solutions to Level 1 puzzles.
I can find the correct solutions to Level 2 puzzles.
I can find the correct solutions to Level 3 puzzles.
I can quickly find the correct solutions to Level 1 puzzles.
I can quickly find the correct solutions to Level 2 puzzles.
I can quickly find the correct solutions to Level 3 puzzles.

Intrinsic Motivation (Isen & Reeve, 2005)
Response options from Strongly Disagree (1) to Strongly Agree (4).
Item #
1
2
3
4

Item
I want to do a similar set of these puzzles again.
I am excited to do a similar set of these puzzles again.
I think I will enjoy doing a similar set of these puzzles again.
I wish I didn’t have to do a similar set of these puzzles again (reverse coded)

Decision to Reengage (Adapted from Stoeber et al., 2008)
Initial Item: “Would you like to try another puzzle?” [yes/no]
Answers of no coded as 0. Answers of yes coded as 1.
Time 2 Emoji Puzzles
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Level 1

Level 2

Level 3
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